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coal (by the gallon) 
to produce 
steam (by the ton) 


In September 1956, the laying of the pipe for 
the first long-distance commercial coal pipeline 
in the United States was completed. This unique 
pipeline—108 miles long—is capable of delivering 
150 tons of coal per hour...from the George- 
town, Ohio, properties of Pittsburgh Consoli- 
dation Coal Company to the Eastlake plant of 
The Cleveland Electric Illuminating Company. 
The coal will be pumped in the form of a “slurry” 
—a 50-50 mixture of crushed coal and water. 


At Eastlake—one of the country’s most efficient 
power stations—the slurry will be delivered to 
thickeners, vacuum filters, and a battery of C-E 
Raymond Flash Drying Systems manufactured 
by Combustion Engineering. Together, these 
will remove the moisture at the rate of 36,000 
gallons per hour. The dried coal will then be 


pulverized in C-E Raymond Bowl Mills and 
burned in four mammoth Combustion boilers 
of the Controlled Circulation type, together 
capable of producing over 2,000 tons of steam 
per hour. 

Combustion’s participation in this project is 
another instance of its leadership in pioneering 
improved means for fuel utilization. Throughout 
the free world, C-E enjoys a reputation for the 
most advanced engineering in steam generation 
and related fields. Whether your steam require- 
ments can best be met by coal, oil, gas, or any 
of a number of special fuels—and regardless of 
the type or size of boiler you need —the C-E line 
of fuel burning and steam generating equip- 
ment can supply just the right installation for 
your needs, 
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This Stock Equipment Company 
Long Center Scale Was Built to Order 


Stock Equipment Company has specialized 
in Bunker to Pulverizer Feeder Equipment 
for over 25 years. During that time, every 
piece of S-E-Co. equipment has been de- 
signed and built for a specific application 
and installation. It is this specialization, plus 
great attention to detail, that makes the dif- 
ference between merely satisfactory opera- 
tion and trouble-free, dependable, accurate 


S-E-Co. operation. 


When you order a S-E-Co. Coal Scale, Coal 
Valve, Coal Distributor, Paddle Type or the 
new Turn Counting Type Coal Stoppage 
Alarm, you know that it will be custom 
built especially for you. From the inquiry 


through to the actual installation, Stock 


Equipment Company works with you to 
make sure that the job is done properly so 
that you get the utmost in service out of 


your equipment. 


Of course, this kind of planning and fol- 
low through costs more, but you will find 
that the reliability and long, trouble-free 
life is worth far more than the extra cost 
involved. If you are designing or build- 
ing a new power plant or enlarging or 
modernizing an old one, take advantage 
of available information on the best in 
Bunker to Pulverizer Feeder Equipment 
by writing Stock Equipment Company, 
745 Hanna Building, Cleveland 15, 
Ohio. 


SPECIALISTS IN | STOCK Equipment Company 
BUNKER TO PULVERIZER AND 
CLEVELAND 15, OHIO 


BUNKER TO STOKER EQUIPMENT | 
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COMBUSTION ENGINEERING 
ADOPTS YARWAY SEATLESS 





BLOW-OFF VALVES FOR 
PACKAGE BOILERS 


Combustion Engineering, Inc. on this package boiler 
installation at the Orangeburg Pipe Plant in California, 
again includes Yarway Seatless Blow-Off Valves 

as part of the “package.”’ 


It’s a popular idea—and growing fast. All good package-type 
boiler installations are better when equipped with Yarway 
Seatless Blow-Off Valves. 


More and more boilermakers are standardizing on Yarways, 
and more and more boiler users are expecting the advantages 
of Yarway Blow-Off Valves on their package units. 


Get the full story on why more than 15,000 boiler plants use 
Yarway Blow-Off Valves, some for 30 to 40 years. 


YARNALL-WARING COMPANY Yarway Type "B" Seatless Tandem 


Blow-Off Valve. Note balanced 


100 Mermaid Avenue, Philadelphia 18, Pa. sliding plunger design with no 
. ee id seat to score, wear, clog or leak. 
BRANCH OFFICES IN PRINCIPAL CITIES Prnsounes 1 408 pul. 


»'/.17°7.\'@ BLOW-OFF VALVES 
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BAYER 
STEPS UP BOILER PERFORMANCE 


DISTINCTLY 
DIFFERENT 


) 
ae 
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Bayer Balanced Valves are 
famous for their long life 


and continued tightness 


WITH THE Bayer Balanced Valve Soot Cleaner 
the balancing chamber above the piston disc 
impounds steam when the valve closes, thus 
relieving valve parts from shock. The valves 
remain steam tight because the dashpot action 
causes the valve to seat gently. Unbalanced 
valves close with a hammer stroke and soon 
become leaky. 


When stationary elements are used the 
Bayer stationary balanced valve head may be 
furnished. Thus all the cleaning elements of 
the entire soot cleaner system can be controlled 
by the Bayer quick-opening Balanced valves. 
This gives a uniform or standard valve con- 


THE BAYER 


Bayer Single Chain Balanced 


Valve Soot Cleaner 


trolled system and in addition, when high pres- 
sures require a reduction in pressure at each 
individual element this Balanced valve unit, 
whether used with a stationary or a revolving 
element, can be fitted with an integral orifice 
plate valve. 


Piping connections can be kept in the same 
plane and undesirable bends or fittings avoided 
when the Bayer Balanced Valve is installed with 
both stationary and revolving elements. 


Valve parts are standard and interchange- 
able and when high pressure heads are fitted 
with orifice plate regulating valves these parts 
are also interchangeable. 


COMPANY 


SAINT LOUIS, MISSOURI, U.S.A. 
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47 miles of Johns-Manville 85% Magnesia 
Insulation boosts operating efficiency of 
Plant Hammond, one of the South’s largest 
and most modern private utility installations. 


Insulating feed water line at Plant => 
Hammond. Contractor for this 
job was Brooks-Fisher Insulat- 
ing Company of Atlanta, Georgia. 


J-M 85% Magnesia Insulation helps cut 
fuel rate 25% below national average 


Officials of the Georgia Power Com- 
pany were gratified when the coal rate 
of their new Phant Hammond worked 
out at 0.75 Ib. per KW HR, 25% be- 
low the national average. In their 
annual Electrical Industry Statistics, 
Electrical World had reported that 
increased efficiency in the techniques 
of power production has lowered the 
average coal rate to 1 lb. per KW HR. 
in 1954. 

An important factor contributing 
to Plant Hammond's high efficiency 


Johns-Manville 
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was the selection of insulation. Johns- 
Manville’s 85% Magnesia was applied 
in the most economical thicknesses 
throughout the plant for all piping 
and equipment operating in its tem- 
perature range. At higher tempera- 
tures 85% Magnesia was used in 
combination with J-M Superex” dia- 
tomaceous silica insulation. 

This is only one of thousands of case 
histories where J-M 85% Magnesia 
has helped industry achieve out- 
standing fuel savings and increased 


ee ee 


operating efficiency. In all types of 
manufacturing and processing plants 
it is the standard for temperatures to 
600F .. . providing high insulating 
value, easy application, long life, initial 
low cost and minimum maintenance. 
Write today for further information 
on J-M 85% Magnesia and Johns- 
Manville’s complete drawing-board- 
to-job-site insulation service. Address 


Johns-Manville, Box 14, New York 


16, New York. In Canada, Port Credit, 
Ontario. 


‘i INSULATION 


MATERIALS “ENGINEERING - APPLICATION 
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MAIN STOP VALVES 
CONTROL VALVES 
ATTEMPERATOR 
STRAINER 
BY-PASS VALVE 
PRESSURE REDUCING STOP VALVES 
PRESSURE REDUCING VALVES 

182 REHEAT INTERCEPT VALVE 

2m2 REHEAT STOP VALVE 

2N2 REHEAT INTERCEPT VALVE 
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Schematic steam-flow diagram of the General Electric 125,000-kw turbine-generator unit at Ohio Power Company’s Philo plant 


Kellogg Engineering and Fabrication Keep Pace 


The General Electric 4,500 psi, 1,150 F 
steam turbine at Ohio Power Com- 
pany’s Philo plant is a major advance 
in high pressure-high temperature de- 
sign. Piping on the turbine typifies 
M. W. Kellogg’s service to power gen- 
erating equipment manufacturers and 
to the electric-utility industry. 

All of the turbine high-temperature 
steam and control piping for this 
125,000-kw General Electric unit was 
furnished by The M. W. Kellogg 
Company. Kellogg’s responsibility in- 
cluded: the purchase of materials— 
largely Type 347 stainless; the devel- 
opment of individually tailored weld- 
ing techniques; fabrication; and rigid 


testing and inspection procedures. 

Scope of thi§ assignment is illus- 
trated by the work involved in fab- 
ricating the main steam piping, using 
Type 347 stainless. The piping was 
examined for physical soundness by 
circumferential, radial, and axial ul- 
trasonic testing. Also, in order to de- 
termine if minimum wall thickness 
had been maintained throughout, the 
piping was measured by the Audio- 
gage every 6 inches before and after 
bending. Twenty-six joints were 


welded with Kellogg’s K-Weld* tech- 
nique. All welds were given 4 red dye 
checks and X-rayed. In addition, the 
piping was hydrotested at 9,000 psi, 
and solution heat treated at 1,925 F. 
The M. W. Kellogg Company wel- 
comes the opportunity of applying its 
engineering and fabricating knowl- 
edge to the specific supercritical steam 
problems of consulting engineers, en- 
gineers of power generating compa- 
nies, and manufacturers of boilers, 
turbines, and allied equipment. 


FABRICATED PRODUCTS DIVISION 
THE M. W. KELLOGG COMPANY, 711 THIRD AVENUE, NEW YORK 17, N.Y. 


A SUBSIDIARY OIF 
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POWER PIPING-THE VITAL LINK 


*Trademark of The M. W. Kellogg Company 
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Unretouched photo showing typical 
return line corrosive action resulting 
from carbonic acid and dissolved 
oxygen in condensate. 


BREAKING DOWN WITHIN 


This section of pipe looks like new— 
on the outside. But take a look inside. 
Grooving action caused by carbonic 
acid and deep pitting, the result of 
dissolved oxygen attack, have almost 
completely penetrated the pipe wall. 

Dearborn FILMEEN* prevents such 
destruction. FILMEEN forms a pro- 
tective, non-wettable barrier between 
treated steam, or condensate, and 
metal pipe surfaces. By preventing 
the carbonic acid and dissolved oxy- 


*FILMEEN is the trade-mark of a corrosion-inhibiting 
compound patented and produced exclusively by Dearborn 


gen from coming into contact with 
the metal, FILMEEN assures corro- 
sion-free lines. FILMEEN is only one 
of many Dearborn water condition- 
ing products scientifically developed 
to control specific corrosion prob- 
lems. Others eliminate scale, sludge, 
carry-over and similar difficulties. 
Power engineers in leading indus- 
trial and commercial plants place 
their confidence in Dearborn’s 70 
years of experience in water chemis- 


try. They have found the answer to 
the demand for complete plant pro- 
tection in Dearborn Supervisory 
Service—a properly balanced water 
conditioning program which com- 
bines quality products with correct, 
technically supervised control 
methods and test procedures. 

Let a Dearborn Engineer survey 
your plant and recommend the type 
of water control program best suited 
to your requirements. 
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Dearborn Chemical Company 
Merchandise Mart Plaza, Dept. COM, Chicago 54, III. 


Chemical Company. U.S. Pat. No. RE 23614. 


Dearbowuw. 


...a leader in water conditioning and 
corrosion control for 70 years 


Gentlemen: 0 Have a Dearborn Water Conditioning Engineer 
call. 
O Send me complete information on Dearborn 
Water Conditioning Program. 


Company 
MING. 0.0 0.455.00466040050644004000806s0 Cen eg eeeeenee rere, 
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NERVE CENTER of the Selective-Sequence system is a 
completely pre-wired, factory-assembled controller for the 
soot blowers in each furnace. Selective Sequence lets oper 
ating personnel select the proper blowing sequence for 
most effective boiler cleaning. The operator can tell qt a 
glance which blowers are operating, time elapsed, number 
of blowers thot hove operated, and any malfunction of 
equipment or blowing medium . 


Each of the two forty-foot furnaces firing 
Consolidated Edison’s Boiler 30 at Astoria 
Generating Station will be equipped with a 
custom-designed Vulcan Selective-Sequence 
Soot Blowing System. The boiler now being 
built by Babcock & Wilcox is a radiant- 
reheat type to be fired by pulverized coal, 
oil or gas. 

Drive for the soot blower systems will be 
electric; the blowing medium steam. Both 
Vulcan long retractable soot blowers and 
wall deslaggers are included in the system. 
Vulcan wall deslaggers maintain high strik- 


ing power, keep thickness of deposits to a 


minimum. 

Whether your boiler is large or small, power 
or process—a modern Vulcan Soot Blower 
System with automatic-sequential or selec- 
tive-sequence control will keep it operating 
at peak efficiency. Your Copes-Vulcan repre- 
sentative has the ideas, information and 
experience to help you choose the system 
best suited to your needs. 


COPES-VULCAN DIVISION 


BLAW-KNOX COMPANY 


ERIE 4, PENNSYLVANIA 
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GAS 
RECIRCULATING 


FAN AIR HEATER 


AIR GAS 
TEMPERING INLET OUTLET 
AIR DUCT 
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PULVERIZERS 
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CONSOLIDATED EDISON COMPANY 
ASTORIA GENERATING STATION, NEW YORK, NEW YORK 
BABCOCK & WILCOX TWIN-FURNACE BOILER 
2—40’-0” FURNACES 
Capacity, Lb. Steam per Hour...2,400,000  Superheater Outlet Pressure, PSI 


Design Pressure, PSI 2,500 High Pressure Steam Temperature, F. . 
Reheat Steam Temperature, F 
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Control fly ash with job-fitted 
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Series 342 Precipitator 





COMPACT DUST COLLECTOR — Series 342 Pree ipitator meets 
industry's need for a simple, compact, economical, all purpose, 
mechanical-tvype dust collector, With the growing value of fly 
ash as a salable by-product, adequate, efhcient collection is 


( 


becoming increasingly important. 


Easy to install because of its sectionalized construction, the 
Series 342 Precipitator has proved effective in controlling dust 


TUT 


discharge to the atmosphere in a large percentage of industrial 
plants. The reason: since each tube assembly is basically an 
individual cyclone or centrifugal dust collector, the multi-tube 
Series 342 will deliver an over-all performance comparable to 
the high efficiency obtained by a single, small-diameter cyclone. 

Furthermore, American Blower Series 342 Precipitator features 
welded-steel construction and removable tubes, is available in a 
variety of sizes to meet specific job requirements on either new o1 


we hd ae 


existing installations. 


Dust-laden air or gas enters inlet plenum; gravity and centrifugal 
action force dust downward, adjacent to tube wall; dust is 
skimmed into gas-tight receptacle; cleaned air or gas moves up- 
ward through outlet tubes to outlet plenum. 
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American Blower precipitators 











Series 361 Fly Ash Precipitator 


FOR LARGE PUBLIC UTILITIES —Series 361 Fly Ash 
Precipitator offers maximum collection efficiency over entire 
operating range, occupies minimum space, and gives reliable 
performance, trouble-free operation. 

What's more, the secondary separating system of the Series 
361 makes it relatively more efficient at reduced loads when 
fly ash is finer and more difficult to remove. Then, too, 
ability to vary number and arrangement of individual cells 
makes it easy to tailor unit to the particular job. 


Whatever your dust-collection problem, it will pay you 
to talk to an American Blower engineer. His knowledge 
of the application of precipitators and dust collectors can 
prove invaluable to you. Call your nearest branch, or write: 
American Blower Corporation, Detroit 32, Michigan. In 
Canada: Canadian Sirocco products. 


Division of Amertcan-Standard 
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BREECHING 

TO WNOUCED 
DRAFT FAN 
——_> 





TUBULAR PRIMARY CONCENTRATOR — 

’ WOF PER UNDER 
SECONDARY ‘ DUST CHAMBER 
VENT FAN es 


BREECHING FROM 

‘BONER OR AIR HEATER '<+— SECONDARY 
SEPARATOR 
DISCHARGES 
THE FLY ASH 
TO AN AIR 
TIGHT RECEPTACLE 
OR SEALED ASH 
DISPOSAL SYSTEM 


Secondary system results in velocity-efficiency char- 
acteristics which automatically maintain maximum 
efficiency over entire boiler load or operating range. 
Properly installed and operated, unit’s collection 
efficiency is from 85% to 90%. 


ll 





another forward step in 


CONDENSER PROGRESS 














New 130,000 sq ft Axial-Inlet Condenser 
for Unit No. 3 at Union Electric’s Meramec Station 
will serve 280,000 kw Axial-kxhaust Turbine 


H™: another outstanding example of the su- 
perior adaptability of Ingersoll-Rand con- 
denser design. As shown by the artist’s rendering 
at the right, the new 130,000 sq ft I-R surface 
condenser for Union Electric’s No. 3 Unit at 
Meramec Station will connect directly to the dis- 
charge end of the 280,000-kw axial-exhaust tur- 
bine. A precisely engineered flow passage from 
turbine to condenser tube bundle assures max- 
imum overall turbine-condenser performance. 


This new type of Axial-Inlet design marks an 
important advance in condenser technology —the 
result of close cooperation between I-R engineers 


and the turbine designers. The condenser unit is 
of the two-pass, rectangular type with divided 
water boxes and power-driven reversing valves. 


This 130,000 sq ft condenser will be the third 
I-R unit at Meramec Station, Units 1 and 2 be- 
ing served by two 90,000 sq ft Ingersoll-Rand 
condensers of conventional under-turbine design. 


Whatever your surface condenser require- 
ments, they can be met to excellent advantage 
with the versatile Ingersoll-Rand rectangular de- 
sign. Your I-R engineer will be glad to consult 
with you on the design of equipment best suited 
to your needs. 


COMPRESSORS AIR TOOLS ROCK DRILLS e TURBO BLOWERS 
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by Ingersoll-Rand 





Artist’s rendering of 
Ingersoll-Rand 130,000 
sq ft Axial-inlet Surface 
Condenser, showing 
location with reference 
to the 280,000 kw Axial- 
Exhaust Turbine for Unit 
No. 3 at Meramec Sta- 
tion of Union Electric 
Company. 


Ingersoll-Rand RI 


11 BROADWAY, NEW YORK 4, N. Y. 


CONDENSERS bd CENTRIFUGAL PUMPS OIL AND GAS ENGINES 
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5 YEAR RECORD! 176 Customers 


& 


5 YEARS’ USE PROVED! Westinghouse first an- 
nounced the application of Airfoil Blade design to Centrifugal 
fan wheels in 1950 — has since supplied more than any other 


company to leading power plants. Proved in use, benefits to 


, edly reduces operating noise .. . 


users include reduced turbulence in air flow pattern which mark- 
up to 92% mechanical effi- 
ciency because of backwardly-inclined blades . . . lowest cost 


operation. 
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elect Westinghouse Heavy-Duty 
Airfoil Fans 


Today 381 Fans serve 
Utilities and Industry 


Some of the reasons why 176 leading utilities and in- 
dustrial plants all over the country have specified 
Westinghouse-pioneered Airfoil Blading design in cen- 
trifugal fan wheels are lower operating costs, marked 
reduction in operating noise, and up to 92% mechani- 


cal efficiency delivered on the job. 


Since its introduction 5 years ago, this Westinghouse 
design has proved itself in mechanical draft and heavy- 
duty air supply services — with these advantages. 
Ideally-suited for parallel operation for higher CFM 


AIRFOIL 
BLADING 


delivery. Self-limiting horsepower characteristic of the 
wheel reaches its maximum in normal range of selec- 
tion. True non-overloading horsepower is assured by 
this wheel design, and wheel proportions permit direct 
drive by standard squirrel-cage induction motors with- 
out costly shafting and outboard bearings. 


Ask your nearest Sturtevant Power Sales Engineer 
for full details, or write Westinghouse Electric Corpo- 
ration, Sturtevant Division, Dept. 25A, Hyde Park, 
Boston 36, Massachusetts. 


Westinghouse Heavy-Duty Airfoil Fans 


Now Serve These Leading Plants 


¢ Consolidated Edison ¢ Pennsylvania Electric Corp. 


¢ Powaters-Southern Paper Co. ¢ Southern California Edison Co. 


¢ Kaiser Aluminum & Chemical e Tennessee Valley Authority 


Corp. ¢ Pittsburgh Plate Glass Co. 
¢ Ohio Valley Electric Corp. ¢ Philadelphia Electric Co. 


¢ Duke Power Company ¢ Commonwealth Edison 
e Delaware Power & Light Co. ¢ Dayton Power & Light 


International Paper Company ¢ Gulf States Utilities, Louisiana 


Duquesne Light Co. e Cleveland Electric Illuminating 


Indiana-Kentucky Electric Corp. Co. 


and 158 more plants — a total of 381 fans! 


Fan installation at Astoria Station, Con Edison 
of N. Y. ... first to specify Westinghouse 
Airfoil fans. 8 fans in 2 parallel sets supply 
600,000 cfm of forced draft air to twin boilers. 


WESTINGHOUSE AIR HANDLING 
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you CAN BE SURE...1F ns Wes tinghouse 


























CAREFUL PLANNING FOR PRODUCTIVE MAINTENANCE INCLUDING STOCKING SPARE PARTS 


How Productive Maintenance can help 


TO MEET TOMORROW'S EXPANDING LOADS 


Deak. 


THE FACILITIES of the world’s finest turbine plant and 46 service 
shops located throughout the country back your General Electric unit. 


GROWTH OF GENERATING CAPACITY 


1966 


KILOWAITS 
MILLIONS 


° 
1920 1930 1940 1950 1960 


G.E. works with electric utilities and consulting 
engineers in these vital turbine-generator areas: 
BASIC RESEARCH 

APPLIED RESEARCH 

PRODUCT DEVELOPMENT _ 

TESTING = yee 
MAINTENANCE: PRODUCTIVE MAINTENANCE 
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AND REVIEWING SCHEDULED OVERHAULS CAN REDUCE TURBINE-GENERATOR DOWNTIME. 


keep a turbine-generator on-the-line 


General Electric’s Productive Maintenance plan can 
help you reduce turbine-generator maintenance ex- 
penses. Here’s how: 

1) Maintaining a supply of General Electric spare 
parts can save valuable time. These parts fall into 
three categories: 

a) Recommended parts such as thrust rings, springs 
for packing seals, brushes and brush holders, gaskets 
for control mechanisms, studs and nuts; 

b) Optional spares such as rings for packing seals, 
bushings for control mechanisms, bearings and sealing 
rings for oil pumps; and 

c) Major parts such as main bearings, rotors and 
stator bars. 

G.E. can help you decide which to carry. 


2) By using General Electric renewal parts along with 
Installation and Service Engineering supervision of 
inspection service, you benefit two ways. You take 
advantage of trained knowledge of the design and 
engineering characteristics of your unit and you obtain 
parts designed to meet original specifications. G.E. is 


familiar with your machine and at the time of planning 
overhauls can suggest possible modernization. 


3) With the trend toward more uniform loads 
throughout the year—both summer and winter 
scheduling outages is becoming a real problem. Your 
General Electric turbine-generator representative can 
help you plan your overhaul schedule. By applying 
G.E.’s Productive Maintenance plan, and where oper- 
ating conditions warrant, it may be possible to extend 
the time between overhaul periods. 


You can get service 24 hours a day, seven days a week 
if necessary on your G-E unit. The world’s most 
modern turbine-generator manufacturing facilities, 46 
G-E service shops and the G-E Installation and Serv- 
ice Engineering organization are ready to help you. 


Planning Productive Maintenance is just one of many 
areas in which General Electric is co-operating with 
electric utilities to prepare for tomorrow’s load growth 
today. For more information write Large Steam 
Turbine-Generator Department, General Electric 
Company, Schenectady 5, New York. 254-46 


Progress /s Our Most Important Product 


GENERAL G7 ELECTRIC 














Write your own specifications: 


VomATILITy 
BT.U's 
SIZE 


ASH ... the modern, efficient mines 
MolSTURE. on the CaO can produce 


SULPHUR just what you want. 
AST. > 


= 


SS 
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Chesapeake and Ohio Railway 


WORLD’S LARGEST CARRIER OF BITUMINOUS COAL 
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PHOTO COMPARES heat con- 
ductivity of CARBOFRAX brick and 
fireclay. Water separated from 
heat by 9 inches of CARBOFRAX 
brick boils turbulently, but barely 
gets warm on fireclay. 


Refractories-for high heat conductivity 


High heat conduct roughly 11 times that of fireclay and For valuable information about high temperature problems 
about 70% that of chrome-nickel steels—is one of the properties —and other pertinent information about refractories—or for 
of CARBOFRAX® silicon carbide refractories. It is an ideal mate- help on your own particular problem—fill in and mail this 


rial for muffles, radiant tubes, retorts and similar structures coupon today: 
where you need exceptional resistance to direct flame plus the 
ability to cond heat efficiently. At 2200°F, thermal conduc- MAIL THIS COUPON TODAY -———— 
tivity of CARBOFRAX brick is 109BTU/hr., sq. ft. and °F/in. 
of thickness 

CARBOFRAX refractories typify the many super refractories 
pioneered by Carborundum. Each has a wide range of properties a ere 
One, for example, is formed into precision parts that look like 
cast iron yet resist over 3000°F. Another, a new ceramic fiber, 
filters and insulates at temperatures no existing mineral or glass 


fiber can take. [] Here is a description of my high temperature problem. 
Can you help me? 


CARBORUNDUM aoe ee 


Registered Trade Mark Company 


Refractories Division, 
The Carborundum Company, Perth Amboy, N. J., Dept. E17 


Forthcoming issue of Refractories Magazine 


[] Bulletin on Properties of Carborundum’s Super Refractories 


Street__ 
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C-E Package Boiler—Type VP 
Completely shop assembled . . . avail- 
able in fourteen sizes from 4,000 to 
40,000 Ib capacity . . . pressures to 500 
psi. Available with integral console con- 
trol panel, this unit contains more 
water-cooled area per cubic foot of fur- 
nace volume than any other boiler of 
its size and type. It can be equipped 


with any of several opproved burners. 


























C-E Verticai Unit Boiler 
— Type VU-55 

Available in six sizes . . . capaci- 
ties from 50,000 to 120,000 Ib 
steam per hour . . . designed for 
two pressure ranges, 250 psi and 
500 psi, and total steam tempera- 
tures up to 750 F. This double 
cased, gas-tight unit is equipped 
with tangential burners. A large 
(60-inch) steam drum assures gen- 
erous water capacity and steam 
reservoir space. Tangent tube 
waterwalls offer complete furnace 
protection, minimizing mainten- 








ance. 
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GAS FIRED BOILERS 


The boilers illustrated here cover the broad capacity 
range from 4,000 to 600,000 Ib of steam per hr. They 
are all especially designed for gas and/or oil firing. The 
two units shown on the left page (Types VP and 
VU-55) are standardized and each is available in sev- 
eral sizes. The capacity range covered by these two 
units is from 4,000 to 120,000 Ib per hr. The two 
units below are custom designed for various capacity, 
pressure and temperature requirements up to 600,000 
lb per hr, 1400 psi and 950 F. All these units are pres- 
sure fired and do not require induced draft fans. 


Collectively, they offer an exceptional diversity of 











C-E Vertical Unit Boiler—Type VU-50B 

This unit is available for capacities from 50,000 to 400,000 Ib per 
hr—pressures to 1400 psi and temperatures to 950 F. This bottom- 
supported design uses tilting tangential burners providing effective 
superheat control. Horizontal burners can be furnished if desired. 
Heat recovery equipment as required. This unit makes available 
to industrial installations a standard of performance comparable 
to utility practice. 





choice. A brief consideration of the features of each 
type will help you “pinpoint” the design characteristics 
best suited to your particular needs. 

Of course there are other C-E two drum Vertical-Unit 
Boilers available for pressures up to 1400 psi and tem- 
peratures up to 960 F. Shown here are but four popular 
members of the C-E family of Vertical-Unit Boilers — 
a family which has achieved a wide measure of accept- 


ance using all types of fuel. 


Please feel free to call on us for further detailed 


information. Catalogs are available upon request. 
B-922 





























C-E Vertical Unit Boiler — Type V2 


This unit is available for capacities from 200,000 to 600,000 Ib 
per hr. It can be designed for pressures up to 1400 psi and for 
temperatures to 950 F. Tilting tangential burners, providing super- 
heat control, are standard equipment although horizontal burners 
are available, if desired. A double, gas-tight casing assures lifetime 


tight and 


furnished as desired. 





heat loss. Heat recovery equipment can be 


ENGINEERING 


200 Madison Avenue, New York 16, N. Y. 


SYSTEMS + PRESSURE VESSELS - HOME HEATING AND COOLING UNITS + DOMESTIC WATER HEATERS + SOIL PIPE 


COMBUSTION—January 1957 











Inside Story on POWELL 
PRESSURE SEAL VALVES 


Pressure seal valves may appear similar on 
the outside. However, the Powell Pressure Seal 
Valves are quite different in design and in 
manufacture. And the inside story on Powell 
Pressure Seal Valves is that every valve has 
PERFORMANCE VERIFIED. 


i lla alee hee sbahshihill 


Only the finest materials are used in Powell 

Pressure Seal Valves, and painstaking quality control 
is rigidly enforced through each step of manufacture. 
For example, every machining operation is accu- 
rately gauged. All parts are thoroughly cleaned 

and degreased and thoroughly inspected. 


Because of Powell's painstaking quality control, 
plant shutdown through valve failure is practically 
unknown. Records from power and industrial 

plants the world over prove it. 








Consult your Powell Valve distributor. If 
none is near you, we'll be pleased to 
tell you about our COMPLETE quality line 
which has PERFORMANCE VERIFIED. 


FIG. 11303 —— (Sectional) 
1500-—Pound Pressure Seal 
Steel Gate Valve 


Fig. 1314-A -— 1500 FIG. 11365 —— 1500-Pound \/ 


Pound Integral Bonnet Pressure Seal Piston Guided 
Steel "Y" Valve. Horizontal Lift Check Valve 


VERIFIED 








The Wm. Powell Company, Cincinnati 22, Ohio... 111th YEAR 


7 
a 


Lae ee “nena meme 


POWELL VALVES 


BRONZE, IRON, STEEL AND CORROSION RESISTANT VALVES 








January 1957—C OMBUSTION 








th Euclid Il2 gives you 


more work-ability than other Crawlers 





ee ee nee a es 


The first really new-tractor.concept in years... 
with ALL the performance features you’ve wanted 


Euclid’s Model TC-12 Twin-Power Crawler 
establishes an entirely new standard of tractor 
performance. It's built to deliver unequalled 
drawbar horsepower, easy operation and a 
smooth, steady flow of power to meet any 
job requirement. It provides easy accessibility 
of all major components and all lubrication, 
check and adjustment points are located for 
maximum convenience. Unitized assemblies 
permit service or removal without a major 


tear-down of other parts. 


Powered by two 194 h.p. engines at rated 
speed, 365 h.p. is delivered to the power 


train. Each of the tracks is driven independent- 
ly through separate Torqmatic Drives giving 
the TC-12 faster, easier steering and greater 
drawbar pull at higher speed. There’s no 
clutch—shifting from one of the three speed 
ranges to another is done under full power 


—top speed in forward or reverse is 8.3 mph. 


Have your Euclid dealer give you all the 
facts on the TC-12—compare with your 
present big tractor equipment and you'll 
know why so many owners have proved that 


Euclids are your best investment. 


EUCLID DIVISION, GENERAL MOTORS CORPORATION, Cleveland 17, Ohio 


FOR MOVING 


Euclid equipment sy 





COAL AND ORE 
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COMPLETE LINES OF WALWORTH VALVES 


_..... °” POWER PLANT SERVICE 
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Featuring Walworth Pressure-Seal Valves 


Here are cast steel valves built for high-pressure, high- 
temperature service. The unique bonnet-to-body design 
utilizes internal line pressure for a tight, leakproof con- 
nection. The higher the pressure the tighter the bonnet 
joint! Bulky, heavy bonnet flanges, bonnet studs, and 
nuts are completely eliminated providing a modern 
valve design of truly streamlined proportions. Mainte- 
nance is simplified as Walworth Pressure-Seal Valves 
are easily assembled, disassembled, and insulated. 

Walworth Pressure-Seal Valves are available in Series 
600, 900, 1500, 2500, and in a wide range of sizes and 
types. Complete information is available from your 
nearby Walworth Distributor —or — write Walworth for 
for a free copy of Circular 16. 





WALWORTH SMALL CAST STEEL Y-GLOBE 
VALVES. Simplified design eliminates many WALWORTH IRON BODY GATE VALVES 


of the problems encountered in high-tem- . . . 
perature, high-presure service. Me onan Straight-flow port design reduces fluid turbu- 


joint. Improved back-seat design means 
longer life for packing rings. 


lence to a practical minimum. Seat rings of 
end-seated type are screwed into the body. 
Brass liner on glands assures greater resis- 


Lubricated Plug Valves. WALWORTH CAST STEEL GATE VALVES. Bolted 
bonnet, wedge gate, OS&Y. Bonnets and 
bodies are engineered to withstand pressure 


ee ys BRONZE VALVES. Standardized and minimize distortion. Heavy steel walls 
ines of bronze valves provide an vunsur- provide extra strength and longer life. Deep 
passed system of interchangeability of stuffing boxes in all sizes (2 to 24”) insure 
parts, drastically reducing inventory prob- tightness and maximum packing life. Also 
lems. Walseal Valves with brazing ends also available in globe and angle types : 
available in a variety of types. . ae 


ee 
y y tance to corrosion and scoring. Available 
| WALWORTH LUBRICATED PLUG VALUES. Easy ; ill Wiscutill Ge duet endl 
turning — quick operating. Lubricant can be nud 
renewed while the valve is in service. Lubri- ; 
: cant completely surrounds the plug ports \ 
: for a tight seal against leaks. Remember, 
always use Walworth Lubricant in Walworth 


i 


WALWORTH also offers Plastic Valves, Fit- WALWORTH 


tings, and Pipe of polyvinyl chloride, moulded 
to Walworth’s specifications by General 


American Transportation Company of B. F. . . ° 
Goodrich Chemical Company Geon! valves eee pipe fittings eee pipe wrenches 
60 East 42nd Street, New York 17, N. Y, 


Manufacturers since 1842 


Walworth Company of Canada, Ltd., Toronto 
DISTRIBUTORS IN PRINCIPAL CENTERS THROUGHOUT THE WORLD 
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Atlantic City Electric 


... another utility using 





Consulting Engineers: Gibbs & Hill, Inc. 


= 


De Laval IMO rotary positive displacement pumps handle > < 


heavy fuel oil. They are used for standby operation 


Atlantic City Electric Co. and Gibbs & Hill, Inc., 

Consulting Engineers, know that they can count on 

De Laval reliability. That’s why they selected three 

De Laval high pressure barrel type boiler feed pumps 

for the Deepwater Station in Penns Grove, New Jersey. 

These 10-stage units deliver 675 gpm, operating at 

1762 psi with temperature at 287 F. The pumps are 

driven by 900 hp motors. 

De Laval barrel type boiler feed pumps operate at pressures up 
to 5500 psi. These units offer many important design advantages, 
such as double volute diaphragm, individual diaphragm bolting, 
only one inner high-pressure joint, and bare shaft construction. 
Their dependability is proven by year in, year out service in 


public utilities and industrial plants. 


DE LAVAL 


BARREL TYPE 
BOILER FEED PUMPS 



















Send for De Laval 
Bulletin 1506, which 
contains helpful data, 


DMANENA Boiler eed Pumps 


TURBINE COMPANY 
886 Nottingham Way, Trenton 2, New Jersey 


DE LAVAL 





REVERSE FLOW by C. H. WHEELER 


Cleans Steam Condenser Tube Sheets 
Without Loss of Load 


When debris and organic growth collect 
on the tube sheets of a C. H. Wheeler 
Patented Reverse Flow Steam Con. 
denser, you don’t have to shut it down 
for cleaning. It cleans itself—without 
loss of load. Sluice gates arranged 
within the condenser may be controlled, 
either electrically or hydraulically, to 
reverse the flow of cooling water through 
the tubes. This sudden reverse flow 
literally flushes away leaves and debris, 
dislodges crustaceous matter from 
clogged tubes. 








Because of 100% water flow during 
back flushing, there is only a negligible 
dip in vacuum momentarily, thus per- 
mitting continuous load on the turbine 
The Reverse Flow Condenser cleans 
itself in minutes, compared with hours 
of downtime when tube sheets are 
manually cleaned. A typical report 
shows a half-inch loss of vacuum (due 
to fouled tubes and tube sheets) was 
restored in five minutes after reversing 
the flow of cooling water. Often, a 
C.H. Wheeler Reverse Flow Condenser 
goes two years or more without shut 
down for cleaning, depending on the 
condition of the cooling water. 


























New, exclusive deaerating features and 

construction techniques help make 

C.H. Wheeler Steam Condensers ‘‘First HOW "REVERSE FLOW” WORKS 

in Efficiency.” Let C. H. Wheeler 10% cide Shows Normal Operation Right Side Shows Reverse Flow 


Custom Engineer your next steam con- 
denser. Phone or write C. H. Wheeler Water enters inlet A with right port Sluice gates move on a common stem. 


Manufacturing Co., 19th & Lehigh open. Flows through tube bank C to rear Water flows up through channel B, and 
Philadelphia 32, Pa : Sl eeelinsiaaiien of condenser ...returns through tube through tube bank D to rear of con- 
at Geen westerly Plant ndiiiatentats bank D to front of condenser and dis- denser . . . returns through tube bank C 


: : , charges at E. to front of condenser. 
¢ Vacuum Equipment ¢ Marine Auxil- 
iary Machinery * Water Supply, Drain- In the C. H. Wheeler Divided Water Box Design, each 
age and Circulating Pumps half of the condenser can be back-flushed independently. 


C3 4 DH hole z. OF PHILADELPHIA 
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Consult an engineering firm 


Designing and building hundreds of heating and power installa- 
tions a year, qualified engineering firms can bring you the latest 
knowledge of fuel costs and equipment. If you are planning the 
construction of new heating or power facilities—or the remodel- 
ing of an existing installation—one of these concerns will work 
closely with your own engineering department to effect substan- 
tial savings not only in efficiency but in fuel economy over the years. 


facts you should know about coal 


tn most industrial areas, bituminous coal is the lowest-cost fuel 
available *¢ Up-to-date coal burning equipment can give you 
10% to 40% more steam per dollar ¢ Automatic coal and 
ash handling systems can cut your labor cost to a minimum. 
Coal is the safest fuel to store and use * No smoke or dust 
problems when coal is burned with modern equipment ¢ Be- 
tween America's vast coal reserves and mechanized coal 
production methods, you can count on coal being plentiful 
and its price remaining stable. 











the modern way 
returns 20% 
on investment 
for Edison 


The firm of Thomas A. Edison, Inc., West Orange, 
N. J., was faced with a common problem—rising 
steam plant costs. A thorough survey indicated the 
need for modernization of the power system. As a 
result, six 30-year old boilers were replaced with 
two 60,000 Ib./hr.units. FD and ID fans, pneumatic 
ash systems, coal pulverizers and related equipment 
were installed. 

Modernization has paid off at Edison! Steam-gen- 
erating capacity per sq. ft. of boiler room space has 
been doubled, labor costs have been cut, fuel costs 
are down, boiler efficiency is up 16% and modern- 
ization gives a 20% annual return on a net invest- 
ment of 2.7 mils per BTU! 


For further information or additional case his- 
tories showing how other plants have saved money 
burning coal, write to the address below. 


BITUMINOUS COAL INSTITUTE 
Southern Building « Washington 5, D.C. 











UNIFORM QUALITY of Republic 


speeds installation, assures top performance 








SHOP ASSEMBLY into panel-type units saves time in han- 
dling transportation and erection. The uniform ductility 
of Republic ELECTRUNITE Tubing makes bending to a 
precise contour extremely easy. These units have been 
tack welded, shipped and are ready for final installa- 
tion In boiler, 


4 PANELS ARE RAISED INTO PLACE in huge, new Atlantic 
City boiler. Uniform concentricity of each Republic 
ELECTRUNITE Boiler Tube ossures perfect fit in drum for 
easy rolling-in operation. Resulting joints are consist- 
ently tight and free of weepers. 


REPUBLIC 


Wolds Widest Range of Standard Steels 
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ELECTRUNITE Boiler Tubes 


in new unit 


SPECIFICATIONS 
CAPACITY. . . 550,000 pounds of steam per hour 
DESIGN PRESSURE - 1,475 PSI 
OPERATING PRESSURE. . . . . . 1,325 PSI 
STEAM TEMPERATURE . - 765°R, 


This spring the Atlantic City Electric Company will 
substantially boost the kilowatt output in their Deep- 
water Station at Penns Grove, New Jersey. Now under 
construction is a large C-E Single Drum Radiant Type 
Steam Generator that will add 550,000 pounds of 
steam per hour to present capacity. 

Combustion Engineering, Inc., New York, design- 
ers and builders of the unit, are using more than 125 
tons of Republic ELECTRUNITE® Boiler Tubes. Pre- 
vious good experience has proved that the uniform 
quality of ELECTRUNITE Tubing not only facilitates in- 
stallation but assures top performance. ELECTRUNITE 
is approved on an equal basis with tubes made by any 
other process up to 850°F. and is available for pres- 
sures over 2000 PSI in various sizes and wall thick- 
nesses. 

The Republic ELECTRUNITE welding process pro- 
duces a precise, uniform, wall thickness assuring 
uniform heat transfer all around and throughout the 
length of each tube. Dependability cannot be threat- 
ened by longitudinal thin spots. Uniform ductility per- 
mits smooth, accurate bending—plus full-expansion 
roll-in that assures tight, weeper-free joints. And each 
length of ELECTRUNITE Boiler Tube is hydrostatically 
or electronically tested to conform to the applicable 
ASTM specification and the requirements of the ASME 
Boiler and Pressure Vessel Code, as well as local, 
state and boiler insurance requirements. 

Before you specify tubes for new or existing instal- 
lations, get all the facts on ELECTRUNITE Boiler, 


STEEL 


ant Steck Produclg 
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SPECIFY FARROWTEST® 


Here's the most conclusive,nondestructive electronic tubing test 
in use today. Developed by Republic, FARROWTEST provides 
detector coils that can electronically spot defects in tube 
walls which would be hidden from routine test procedures. 
You can specify FARROWTEST on ELECTRUNITE Boiler 
Tubes instead of your present method at no extra cost, 











Condenser and Heat Exchanger Tubes from your 
local Republic Representative. Or send coupon for 
literature. You will also find our wall chart entitled 
“Care and Maintenance of Boiler Tubing” a handy 
guide for protecting your present boiler installation. 
Send for it today. 


REPUBLIC STEEL CORPORATION 
Dept. C-3078 
3172 East 45th Street, Cleveland 27, Ohio 


Please send: 
Olllustrated booklet giving facts on ELECTRUNITE 
Boiler Tubes 





oO S-pags brochure on ELECTRUNITE Heat Exchanger Tubing 


carbon steel O stainless steel 
OD Handy wall chart on care and maintenance of boiler tubes 
O FARROWTEST brochure 
Name 
Company 
Address 


Title. 
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air preheater installations are Ljungstrom® 


Advantages of the Ljungstrom Air Preheater 


® Size for size, recovers far more heat than any other type 

® Reduces fuel consumption. Permits use of lower grad 
fue Increases boiler output and reliability 
Eliminates cold spots keeps corrosion to a minimum. 
Easier, faster to clean and maintain 


Requires far less supporting steel and is quickly erected 


is one of the 

many important reasons. More complete 
combustion of fuel results in far less slagging, 
and gases entering dust-recovery units are 
cleaner. There's less corrosion. Insertion of 
new elements can be done in as short a time 
as four hours. You can even inspect the 
Ljungstrom through a built-in port while 
the unit is in operation. 

For the interesting full story, send for a free 
copy of our 38-page manual. 


The Air Preheater Corporation 60 0s 42nd street, Hew York 17, 4. ¥. 
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4 Koppers Electrostatic Precipitators exceed 
guarantee in fly ash removal for Diamond Alkali 


Air pollution from the power house is no longer a 
problem at the world’s largest alkali manufacturing 
plant in Painesville, Ohio. Four Koppers Electro- 
static Precipitators atop the boiler house roof at this 
huge Diamond Alkali plant remove 95% to 97% of the 
dust normally discharged from the boiler plant stacks. 

These Koppers Electrostatic Precipitators went into 
operation in 1954. Previously, the four plant boilers 
which vary in capacities—fired with pulverized fuel— 
had created a nuisance with stack gases containing a 
high fly ash content. Today, the four Koppers units 
with a total capacity of over 700,000 cubic feet per 


minute, trap and remove this fly ash, storing it in collect- 
ing hoppers before it is sluiced away to a waste lake. 

Koppers engineers determined the most practical 
and economical precipitator size for each boiler — 
insuring Diamond Alkali the same high efficiency 
performance that makes Koppers Electrostatic Precip- 
itators the finest. 

If you have a gas cleaning problem, large or small, 
let Koppers analyze your needs and find the solution. 
Koppers experience, facilities and service are ready 
to assist you too. Mail the coupon below for additional 
information. 


ELECTROSTATIC PRECIPITATORS----. 


KOPPERS COMPANY, INC., Electrostatic Precipitator Dept., 4401] Scott St., Baltimore 3, Md. 
Gentlemen: 
I am interested in an analysis and recommendations for my operation. I under- 


METAL PRODUCTS DIVISION « KOPPERS COM- stand I am under no obligation. 


PANY, INC. © BALTIMORE 3, MD. This Koppers 
Division also supplies industry with Fast's Couplings, 
American Hammered Industrial Piston and Sealing 
Rings, Aeromaster Fans, Gas Apparatus. 


Name 


Company 


Engineered Products Sold with Service 
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How Buell’s exclusive Shave-off pays off 
in extra dust collection efficiency 
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Proper proportioning, side entry of dust-laden gases, add even more 
extra efficiency and long, maintenance-free life to Buell Cyclones. 
Large diameter design eliminates bridging and clogging, keeps 
efficiency high under varying loads. 


For more specific data 
about Buell’s extra efficiency, 
A : e f ite Dept. 70-A, 
Buell SF Electric Precipitator also de- : peer eiaineasite Company 
livers extra dust collection efficiency, fe 70 Pine Street : 
due to unique Spiralectrodes and Con- ry ’ | New York 5. N.Y 
tinuous Cycle Rapping. fe . 3 - ease 
Buell Low Resistance Fly Ash Collec- 
tor combines top efficiency with low 
draft loss, for either natural or mechan- 
ical draft installations. 
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ececrrical Experts at delivering Extra Efficiency in DUST COLLECTION SYSTEMS 


MECHANICAL Ea 
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What Price Individuality? 


Nationwide publicity resulted in mid-December of 
1956 when the National Industrial Conference Board 
released a report entitled ‘‘Unionization Among Ameri- 
can Engineers A lead paragraph in an article in The 
New York Time “Engineers, long 
regarded as ‘unorganizable,’ are joining unions in signifi- 
cant numbers . 

This study by the NICB, a nonprofit, fact-finding 
organization which has conducted scientific research in 
the fields of business economics and business manage 
ment for the past forty years, indicates that the reasons 
for unionization are not always directly connected with 
salary and working conditions. On the contrary, union- 
ization of engineers has at times been caused by such 
things as lack of communication between top manage- 
ment and the engineers on the payroll, and failure to 
Union- 


began as follows: 


consider and treat the engineer as an individual. 
ization has been made possible because engineers, with 
the exception of those employed as consultants on a fee 
basis, work as a group and are professional practitioners 
who are also salaried workers. 

The report includes much information on such subjects 
as pay differentials between salaried engineers and wage 
earners, and the telescoping in salaries that has taken 
place as a result of the increasing rates of pay now com- 
manded by engineers just out of college. Information 
on the scope and provisions of engineering union con- 
tracts constitutes a major portion of the report, which 
indirectly indicates some of the less-discussed causes of 
the current shortage of scientific and engineering per- 
sonnel. 

As one studies the report carefully this paradox is re- 
vealed. Much of the motivation for joining collective 
bargaining groups stems from the fact that engineers 
wish to be treated as individuals instead of as a mass 
group. With the increasing complexity of engineering 
departments in large organizations employing thousands 
of engineers, the matter of individuality unquestionably 
becomes a serious problem. But if the chain of command 
in a corporate organization is complex, what about that 
in the labor union? Is the individual engineer any far- 
ther removed from the executives of his company than 
from the top leadership of the labor organization? Re- 
tention of individuality and attainment of professional 
status are basic to the members of any profession, but it 
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is most difficult to rationalize how mass techniques of 
collective bargaining are compatible with the improve- 
ment of status of engineers as individuals. 

The NICB report provides much factual material in 
an area wherein personal opinions have generally ex- 
ceeded the few available facts. In so doing it has also 
raised a number of significant issues, and not the least 
of these is the importance of individuality and how engi- 
neers can attain merited recognition on the individual 
basis that they desire. 


Maintenance Costs and Their Control 


In last month’s issue COMBUSTION presented the second 
of two well substantiated statistical studies of present 
day power plant costs in the electric utility industry. 
Each of these reports by H. E. Roberts, cost engineer 
with the Federal Power Commission, have been rich in 
data of a nature that promotes the “search from within.”’ 

This latest report of Mr. Roberts we feel is especially 
significant. It brings to light industry-wide figures on 
the cost of maintenance, particularly those in steam elec- 
tric power plants. These figures are vital to any electric 
utility management anxious to compare its own experi- 
ence with that of industry in general. There is a grow 
ing conviction that the general area represented by the 
accounting item of maintenance costs is one wherein cost 
improvements can be effected. But without actual data 
on current and good performance management can only 
be proceeding by hunch or guesswork. Certainly factual 
contributions such as these Roberts reports will further 
industry studies and speed up the knowledge of main- 
tenance costs and their better control. We hope these 
reports will be a continuing thing and receive the atten- 
tion they merit. 

Just what form maintenance controls will take in the 
utility industry is a matter of conjecture now. The 
operation phase no doubt will score gains in such matters 
as methods, programming and mechanical aids while 
management will weigh the advantages of costlier mate- 
rials, more rugged designs against less down time or fewer 
interruptions when purchasing future equipment. The 
result as usual from such a self-survey will be a better 
product, and a better service to the general public. This 
will mark another advance in the amazing record of the 
power generation industry. 





Comparison of the Reducing Power of 

Sodium Sulfite and Hydrazine in the 

Steam-Water Cycle of Steam Power 
Plants 


By FREDERICK G. STRAUB 


Research Professor in Chemical Engineering, University of Illinois 


This article describes and interprets a 
series of tests conducted in the Chemical 
Engineering Laboratory at the University 
of Illinois to determine the reducing ac- 
tion of dilute solutions of hydrazine with 
the oxides of iron and copper and with low 
concentrations of dissolved oxygen. It 
also provides a comparison of the reaction 
rates of hydrazine and sodium sulfite 
under conditions which might prevail 
in steam power plants. Results of tests 
conducted to study the formation of am- 
monia from hydrazine are presented. 


ODIUM sulfite has been successfully used as a 

reducing agent in the steam-water cycle of steam 

power plants for more than twenty years. Re- 
cently the operators in several steam electric generating 
stations have reported their experience with the use 
of hydrazine for the same purpose (1—4).* 

The results of plant tests using hydrazine appears to 
indicate that there is a possibility of using it success- 
fully as a reducing agent under limiting conditions. 
The periods of operation with the use of the hydrazine 
have been relatively short. Corrosion in the absence of 
a suitable reducing agent in the steam water cycle quite 
often is not detected until after several years of opera- 
tion. This might cause one to hesitate to use the hydra- 
zine until the results of more operating experience or 
more laboratory data are available relative to the effec- 
tiveness of hydrazine as a reducing agent when used in 
the low concentrations reported. 

For years reducing chemicals have been used in boiler 
waters for the purpose of reacting with any dissolved 
oxygen entering the boiler and in this manner prevent 
oxygen corrosion in the boiler tubes. The chemical 
most commonly used is sodium sulfite. It appears 
that the sulfite is also reducing the copper and iron 
which might enter the boiler in the higher state of oxida- 
tion. Thus if copper and iron are dissolved in the con- 
densate, any contact with oxygen will oxidize them to 
the cupric and ferric forms. When the water is deaer- 
ated, the dissolved oxygen may be removed but the 
metallic ions remain in their higher state of oxidation. 


* Numbers refer to bibliography at end of article 
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When the metallic ions enter the boiler and come in 
contact with the boiler metal particularly in the areas of 
heat input, they will react with the metal and start small 
corrosion areas. The reactions involved could be as 
follows: 


Fe + 4Fe.0; = 3Fe,0, (1) 


3Fe + 4CuO $Cu + Fe,0, (2 


Both of the oxidized metallic ions will tend to form 
magnetic oxide of iron at the expense of the boiler tube 
Thus small areas of magnetic iron oxide are 
These 


metal. 
formed in direct contact with the boiler metal. 
may be points for the adherence of more metal oxides 
and additional corrosion. The corrosion products form 
a barrier to heat transfer and the tube metal tempera 
ture increases to the point where the steam-iron reaction 
will proceed. 


3Fe + 4H2O = Fe;0, + 4He (3) 


The tube attack is accelerated under the compact 
hard adherent magnetic oxide formed at the higher 
temperature. The hydrogen formed at the higher 
temperature penetrates and decarburizes the steel, 
resulting in the formation of methane. The methane 
causes inter-crystalline splitting in the areas of decar 
burization. This type of attack is commonly referred 
to as the plug type or brittle tube attack. 

When a sufficient residual of sulfite is maintained in 
the boiler water, the cupric copper will be reduced to the 
metallic copper by the sulfite as follows: 


CuO + Na-eSO; = Cu + Na SO, (4) 


It is possible for the ferric iron to react with the sul- 
fite as follows: 


3Fe.0; + NasSO; = 2Fe,0, + NaeSO, (5) 


The two metallic ions in their lower states of oxida 
tion will no longer react with the iron to start corrosion 
areas. 

It may be that hydrazine also will reduce these me- 
tallic oxides and prevent corrosion in a similar manner. 


Laboratory Studies of Reaction Rates 
Data were not available relative to the reducing 
action of dilute solutions of hydrazine with the oxides 
of iron and copper or with low concentrations of dis- 
solved oxygen. A series of tests were conducted in the 
Chemical Engineering Laboratory at the University of 
Illinois to obtain this information as well as to compare 
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the reaction rates of hydrazine and sodium sulfite under 
conditions which might prevail in the steam power 
plants. 

These tests involved studying the reaction of dilute 
solutions of hydrazine and sodium sulfite (separately) 
with cupric oxide at various temperatures. Similar 
tests were conducted using ferric oxide. The next set 
of tests studied the reaction of the two reducing agents 
with low concentrations of dissolved oxygen, and finally 
the decomposition of hydrazine to ammonia was in- 
vestigated. 

A flow sheet of the apparatus used for these tests is 
shown in Fig. 1. Distilled water or well water which 
had been passed through a mixed bed deionizer was 
passed through a mixed bed deionizer and was then 
put through an indirectly steam heated deaerator so as 
to remove oxygen and dissolved gases. Solutions of 
hydrazine or sulfite were added to the deaerated water 
just ahead of the cooler at Location A, Fig. 1, so as to 
have known amounts in the water. The solutions of 
the hydrazine or sulfite were oxygen free and were kept 
under an oxygen free nitrogen atmosphere. The water 
containing the desired concentrations of the chemical 
was then pumped and kept pressurized at all times so 
that there was no steam generation during the tests. 
The pressurized water was passed through the specimen 
holder containing the oxides to be tested. The speci- 
men holder was heated by steam from a small boiler. 
The water leaving the holder was cooled under pressure. 
The rate of flow was controlled by a needle valve and 
measured by glass flowrators. The water leaving the 
flowrators could be passed through a glass electrode 
assembly to check the pH value or could be collected for 
analysis. Samples of the water ahead of the sample 
holder could be collected for comparative analysis. 
The entire equipment up to the flowrators was of 18-8 
stainless steel. 


Reaction of Hydrazine or Sulfite with 
Cupric Oxide 

In the tests using cupric oxide, the small tube passing 
through the steam chest to the bottom of the specimen 
holder and the thermocouple well were made from 
copper tubing. The inside of the specimen holder was 
lined with copper. A long copper spiral, closely wound, 
was made by winding copper wire (0.0325 in. dia) on a 
mandrill ('/s in dia). The copper wire was 149-ft long. 
This spiral copper was then wound around the thermo- 
couple well and then back on itself. When this was 
inserted into the specimen holder, the chamber was 
almost completely filled with the copper spirals. The 
total area of copper exposed, the inlet tube, the thermo- 
couple well, the inside lining, and the spirals was 286 
sq in. 

The copper was oxidized to the cupric state by passing 
water saturated with air at room temperature through 
the holder with the temperature in the holder around 
350 F until there was no additional oxygen removed in 
the bed. Deaerated water containing sodium sulfite 
(1.5 ppm NaeSO; equivalent to 0.19 ppm O:) was then 
passed through the holder at a constant rate of flow. 
The sulfite content was determined before and after the 
holder. The temperature was then changed. The pH 
of the water after the addition of the sulfite was 8, and 
the flow rate was 50 ml/min, giving a contact time of 
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Fig. |—Apparatus flow diagram 


about 3.5 min. A second series of tests were run with 
the pH increased to 10.7 by adding sodium hydroxide 
with the sulfite. Tests were then conducted using 
hydrazine (NeH, around 0.160 ppm equivalent to 0.160 
ppm O,2) at pH values of 8 and 10.7. 

The results of these series of tests using sulfite and 
hydrazine separately are shown in Figs. 2 and 3. The 
percentage of the chemical which remains after passing 
over the cupric oxide is plotted against the temperature 
in Fig. 2 and against the time of contact in Fig. 3. These 
results indicate that sodium sulfite at a pH of 8 did not 
reduce the copper oxide at temperatures below 250 F. 
When the temperature was above 250 F, the oxide was 
being reduced. The increase in pH appears to slow 
down the reaction rate. Hydrazine at a pH of 8 will 
reduce copper oxide at temperatures higher than 120 F. 
Here also an increase of pH decreases the reaction rate. 
It is of particular interest that, with sufficient contact 
time at higher temperatures, the copper oxide removes 
all of the sulfite and hydrazine. Thus, when a meas- 
urable residual of these chemicals is maintained in the 
boiler water, the copper cannot be present as the cupric 
oxide. 

In boilers which have used sulfite as a reducing agent, 
it has been considered that the presence of sulfite re- 
siduals would assure the reduction of the cupric oxide. 
The results of these tests indicate that hydrazine, when 
present in measurable amounts, would also reduce 
cupric oxide. 


Reaction of Hydrazine or Sulfite with 
Ferric Oxide 


When the tests were run in which it was desired to 
study the reactions with ferric oxide, the only change 
made in the apparatus and test procedure was to change 
the specimen holder. This change involved the re- 
moval of all copper materials and the substitution of 
stainless steel for the inlet tube and thermocouple well. 
The iron was added to the specimen holder in the form 
of '/s-in. OD cold finished AISI-C1018 steel rods. 
Twenty-four of the steel rods 24-in. long were inserted 
in the specimen holder. This gave a surface area of 
225 sq in. of steel exposed to the water. The contact 
time of most of the tests was 2.7 min. 

The surface of the steel was oxidized by passing 
water saturated with air at room temperature over the 
steel at 400 F until there was no further removal of 
oxygen by the steel. A solution of hydrazine in oxy- 
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Fig. 2—Reaction of N.H, and Na,SO,; with cupric oxide at a 
3.5 minute contact time 


gen free water was then passed through the specimen 
holder in the same manner as in the cupric oxide tests. 
lhe results of these tests are shown in Fig. 4. When the 
temperature reached 450 F, there was no hydrazine 
residual after the specimen holder. When the pH was 
increased to 11 the reaction proceeded at a slower rate. 

When similar were the ferric 
oxide with sodium sulfite, the first reaction was detected 
at 450 F. When the tests were conducted at higher 
temperatures, the results became very erratic. Thus 
at 500 F the percentage of sulfite remaining would 
decrease and then slowly increase as the time of the 
test increased. When the reoxidized, the 
residual would start low and go up again. This ap- 
peared to indicate that the ferric oxide was reacting 
with the unoxidized iron in the rods, apparently to form 
the magnetic oxide of iron which is the stable form at 
high temperatures. A series of tests were started at the 
higher temperatures in which the bed was oxidized and 
then residual sulfite determined at frequent short time 
intervals. This allowed the plotting of the data with 
extrapolation to zero time interval and the calculation 
of residual sulfite from these data. The higher tem- 
perature points for sulfite shown in Fig. 4 were determined 
in this manner. 


tests conducted on 


bed was 


These results indicate that at the temperature of 
higher pressure boilers, the presence of a measurable 
excess of hydrazine or sulfite will reduce ferric oxide. 
They also indicate that ferric oxide is fairly stable in the 
presence of iron at temperatures up to 450 F. At 
higher temperatures, the ferric oxide is no longer stable 
and will readily react with iron.. 

At no time during these tests could any ammonia be 
detected in the effluent solutions, thus indicating that 
there was no decomposition of the low residual concen- 
trations of hydrazine to form ammonia at the tempera- 
ture of these tests. 


Reaction of Hydrazine or Sulfite with 
Dissolved Oxygen 
To determine the comparative reaction rates of sulfite 
and hydrazine with oxygen, tests were conducted with 
no material added to the specimen holder. The entire 
system consisted of stainless steel. A known amount 
of oxygen to deaerated water containing 
known amounts of sulfite or hydrazine. These solu- 
tions were then passed through the system and the 


was added 
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various times of contact 


residual sulfite or hydrazine determined. The loss of 
reducing agent was calculated as reacting with oxygen. 
Blank tests with no oxygen present gave no loss of 
either reducing material indicating that there was no 
reaction with the container or appreciable decomposi- 
tion of the chemicals at these temperatures. 

Table I summarizes the results of these tests. The 
sodium sulfite reacted at a fairly rapid rate with the 
dissolved oxygen at 85 F, while the hydrazine did not 
reduce any of the oxygen. At 400 F the sulfite reaction 
with the while under similar 
conditions the hydrazine reacted with a relatively low 
percent of the oxygen present. 


oxygen was complete, 


Additional tests were conducted with ferric oxide in 
the specimen holder. The results are tabulated in 
Table II. Here also the sulfite had a rapid reaction 
rate with the dissolved oxygen while the hydrazine 
reaction rate was low. Increasing the pH of the solu- 
tions lowered the reaction rate of both the sulfite and 
hydrazine with dissolved oxygen. These results indi- 
cate that the reaction of hydrazine with dissolved oxygen 
is quite slow, and at a temperature up to 250 F the 
presence of ferric oxide does not accelerate the reaction 
rate. At higher temperatures, the hydrazine would 
react with the ferric oxide. 

The study of the reaction with dissolved oxygen was 
continued. Water, containing controlled amounts of 
sodium sulfite with and without dissolved oxygen, was 
passed through an iron, iron oxide bed at room tempera- 
ture and at 260 F and the oxygen measured before and 
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Fig. 4—Reaction of N.H, and Na,SO; with ferric oxide at a 2.7 
minute contact time 
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after the bed. The results of these tests are given in 
Table III. In the previous tests the reduction in oxygen 
was calculated from the reduction in the sulfite or hydra- 
In these tests the oxygen was measured using the 
indigo carmine method (5). At 80 F about 83 per cent 
of the oxygen reacted with the sulfite. When the tem- 
perature was increased to 260 F with no sulfite present, 
the oxygen was reduced from 0.05 to 0.012 ppm by the 
iron in the bed. When no oxygen was added, the sul- 
fite content entering and leaving the bed was the same. 
This showed no reaction of the sulfite with the iron 
oxides at this temperature. When oxygen and sulfite 
were both added, there was a reduction of the sulfite al- 
most equivalent to the total oxygen present. This ap- 
pears to indicate that the sulfite reacted with the oxygen 
and prevented the oxygen from reacting with the iron. 


zine. 


The next series of tests involved the addition of hydra- 
zine in place of the sulfite. The results are shown in 
Table IV. At 80 F there was no oxygen or hydrazine 
reduction indicating that the oxygen was not reacting 
with either the iron or the hydrazine. At 230 F, 48 per 
cent of the oxygen reacted with the iron and when hydra- 
zine was present there was no reaction of the hydrazine 
with the iron oxide or oxygen. At 260 F, 84 per cent 
of the oxygen reacted with the iron and again the hydra- 
zine was unchanged. When the temperature reached 
300 F there was very little if any reaction of the hydra- 
zine with the iron oxide. The oxygen reaction with the 
iron was 60 per cent and the hydrazine showed a reaction 
around 30 to 45 per cent with the oxygen. The addi- 
tion of CuSO, equal to 0.01 ppm Cu did not change the 
reaction rate. At 400 F, 80 per cent of the oxygen re- 
acted with the iron and only 24-27 per cent of the oxygen 
reacted with the hydrazine. At 500 F all the oxygen 
reacted with the iron and none of the oxygen reacted with 
the hydrazine. These results indicate that, in the 
presence of iron, any dissolved oxygen present will react 
with the iron and the hydrazine does not prevent this 


TABLE II—REACTION OF DISSOL 


oxidation of the iron. The reaction of these concentra- 
tions of hydrazine and dissolved oxygen is very slow 
up to 260 F. At 300 F this reaction rate starts to in- 
crease, but at this temperature the reaction rate be- 
tween the oxygen and iron is faster. At 500 F the reac- 
tion rate of the oxygen and iron is so fast that no oxygen 
reacts with the hydrazine. 

These results verify those obtained in the earlier tests 
and show clearly that hydrazine,when used in amounts 
around 3 to 6 times the theoretical concentration, has a 
very slow reaction rate with oxygen up to 0.1 ppm. 

In order to check further on the reaction rates 
hydrazine or sulfite with dissolved oxygen, the test 
procedure was modified. The chemicals had _ been 
added to the hot deaerated water at the entrance to the 
cooling coil (Fig. 1, Position A). The actual time of 
contact at the higher temperature (212 F) was very 
small. However, to eliminate this effect the chemicals 
were all added at the outlet of the cooler (Fig. 1, Posi- 
tion B), where the temperature was around 80 F. When 
this change was made, only 20 per cent of the oxygen 
reacted with the sulfite before passing into the heated 
bed. In the previous test over 8O per cent of the oxygen 
reacted with the sulfite before passing through the bed. 
This had left a very small amount of oxygen to react at 
the higher temperatures. When 80 per cent of the 
oxygen was still present as the solution entered the 
heated bed, better comparative reaction rates between 
oxygen, iron, sulfite and hydrazine could be determined. 

In the previous tests involving iron and iron oxide, the 
iron was present in the form of steel rods. Once the 
small surface of these rods were oxidized, there would 
be a relatively small amount of iron actually in contact 
with the test solutions. The steel rods were removed 
from the stainless steel chamber and replaced with 
steel samples obtained from the National Bureau of 
Standards. The steel added was basic open-hearth 
0.1 per cent carbon. This steel is in the form of small 
pieces of steel and exposes a large surface to the water. 
The stainless steel holder had an inside diameter of 
0.907 in. and the iron was added to a depth of nine inches. 
No attempt was made to oxidize this iron. The water 
containing the chemicals with and without dissolved 
oxygen was passed through the chamber containing the 
iron. In these tests, a large iron surface is in contact 
with the solution. 

When a sojution containing 1.5 ppm Na2SO; and 0.05 
ppm dissolved oxygen was passed through the iron bed 
at 80 F, about 80 per cent of the oxygen reacted with the 
sulfite ahead of the bed and another 20 per cent reacted 
with the sulfite while passing through the bed. When 
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. 2—Reaction of N,.H, and Na.SO, with cupric oxide at a 
3.5 minute contact time 


gen free water was then passed through the specimen 
holder in the same manner as in the cupric oxide tests. 
Che results of these tests are shown in Fig. 4. When the 
temperature reached 450 F, there was no hydrazine 
residual after the specimen holder. When the pH was 
increased to 11 the reaction proceeded at a slower rate. 

When similar were conducted on the ferric 
oxide with sodium sulfite, the first reaction was detected 
at 450 F. When the tests were conducted at higher 
temperatures, the results became very erratic. Thus 
at 500 F the percentage of sulfite remaining would 
decrease and then slowly increase as the time of the 
test When the bed reoxidized, the 
residual would start low and go up again. This ap- 
peared to indicate that the ferric oxide was reacting 
with the unoxidized iron in the rods, apparently to form 
the magnetic oxide of iron which is the stable form at 
A series of tests were started at the 


tests 


increased. was 


high temperatures. 
higher temperatures in which the bed was oxidized and 
then residual sulfite determined at frequent short time 
intervals. This allowed the plotting of the data with 
extrapolation to zero time interval and the calculation 
of residual sulfite from these data. The higher tem- 
perature points for sulfite shown in Fig. 4 were determined 
in this manner. 

[hese results indicate that at the temperature of 
higher pressure boilers, the presence of a measurable 
excess of hydrazine or sulfite will reduce ferric oxide. 
They also indicate that ferric oxide is fairly stable in the 
presence of iron at temperatures up to 450 F. At 
higher temperatures, the ferric oxide is no longer stable 
and will readily react with iron.. 

At no time during these tests could any ammonia be 
detected in the effluent solutions, thus indicating that 
there was no decomposition of the low residual concen- 
trations of hydrazine to form ammonia at tne tempera- 
ture of these tests. 


Reaction of Hydrazine or Sulfite with 
Dissolved Oxygen 
lo determine the comparative reaction rates of sulfite 
and hydrazine with oxygen, tests were conducted with 
no material added to the specimen holder. The entire 
A known amount 
water containing 
These solu- 


system consisted of stainless steel. 

deaerated 
known amounts of sulfite or hydrazine. 
tions were then passed through the system and the 


of oxygen was added to 
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residual sulfite or hydrazine determined. The loss of 
reducing agent was calculated as reacting with oxygen. 
Blank tests with no present gave no 
either reducing material indicating that there was no 


oxygen loss of 
reaction with the container or appreciable decomposi- 
tion of the chemicals at these temperatures. 

Table I summarizes the results of these tests. The 
sodium sulfite reacted at a fairly rapid rate with the 
dissolved oxygen at 85 F, while the hydrazine did not 
reduce any of the oxygen. At 400 F the sulfite reaction 
with the oxygen was complete, while under similar 
conditions the hydrazine reacted with a relatively low 
percent of the oxygen present. 

Additional tests were conducted with ferric oxide in 
the specimen holder. The results are tabulated in 
Table II. Here also the sulfite had a rapid reaction 
rate with the dissolved oxygen while the hydrazine 
reaction rate was low. Increasing the pH of the solu- 
tions lowered the reaction rate of both the sulfite and 
hydrazine with dissolved oxygen. These results indi 
cate that the reaction of hydrazine with dissolved oxygen 
is quite slow, and at a temperature up to 250 F the 
presence of ferric oxide does not accelerate the reaction 
rate. At higher temperatures, the hydrazine would 
react with the ferric oxide. 

The study of the reaction with dissolved oxygen was 
continued. Water, containing controlled amounts of 
sodium sulfite with and without dissolved oxygen, was 
passed through an iron, iron oxide bed at room tempera- 
ture and at 260 F and the oxygen measured before and 
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Fig. 4—Reaction of N,H, and Na,SO; with ferric oxide at a 2.7 
minute contact time 
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In order to check further on the reaction rates of 
hydrazine or sulfite with dissolved oxygen, the test 
after the bed. The results of these tests are given in procedure was modified. The chemicals had been 
Table III. In the previous tests the reduction in oxygen added to the hot deaerated water at the entrance to the 
was calculated from the reduction in the sulfite or hydra- cooling coil (Fig. 1, Position A). The actual time of 
zine. In these tests the oxygen was measured using the contact at the higher temperature (212 F) was very 
indigo carmine method (5). At 80 F about 83 per cent small. However, to eliminate this effect the chemicals 
of the oxygen reacted with the sulfite. When the tem- were all added at the outlet of the cooler (Fig. 1, Posi- 
perature was increased to 260 F with no sulfite present, tion B), where the temperature was around 80 F. When 
the oxygen was reduced from 0.05 to 0.012 ppm by the this change was made, only 20 per cent of the oxygen 
iron in the bed. When no oxygen was added, the sul- reacted with the sulfite before passing into the heated 
fite content entering and leaving the bed was the same. bed. In the previous test over 80 per cent of the oxygen 
This showed no reaction of the sulfite with the iron reacted with the sulfite before passing through the bed. 
oxides at this temperature. When oxygen and sulfite This had left a very small amount of oxygen to react at 
were both added, there was a reduction of the sulfite al- the higher temperatures. When 80 per cent of the 
most equivalent to the total oxygen present. This ap- oxygen was still present as the solution entered the 
pears to indicate that the sulfite reacted with the oxygen heated bed, better comparative reaction rates between 
and prevented the oxygen from reacting with the iron. oxygen, iron, sulfite and hydrazine could be determined. 
The next series of tests involved the addition of hydra- In the previous tests involving iron and iron oxide, the 
zine in place of the sulfite. The results are shown in iron was present in the form of steel rods. Once the 
Table IV. At 8O F there was no oxygen or hydrazine small surface of these rods were oxidized, there would 
reduction indicating that the oxygen was not reacting be a relatively small amount of iron actually in contact 
with either the iron or the hydrazine. At 230 F, 48 per with the test solutions. The steel rods were removed 
cent of the oxygen reacted with the iron and when hydra- from the stainless steel chamber and replaced with 
zine was present there was no reaction of the hydrazine steel samples obtained from the National Bureau of 
with the iron oxide or oxygen. At 260 F, 84 per cent Standards. The steel added was basic open-hearth 
of the oxygen reacted with the iron and again the hydra- 0.1 per cent carbon. This steel is in the form of small 
zine was unchanged. When the temperature reached pieces of steel and exposes a large surface to the water. 
300 F there was very little if any reaction of the hydra- The stainless steel holder had an inside diameter of 
zine with the iron oxide. The oxygen reaction with the 0.907 in. and the iron was added to a depth of nine inches. 
iron was 60 per cent and the hydrazine showed a reaction No attempt was made to oxidize this iron. The water 
around 30 to 45 per cent with the oxygen. The addi- containing the chemicals with and without dissolved 
tion of CuSO, equal to 0.01 ppm Cu did not change the oxygen was passed through the chamber containing the 
reaction rate. At 400 F, SO per cent of the oxygen re- iron. In these tests, a large iron surface is in centact 
acted with the iron and only 24-27 per cent of the oxygen _with the solution. 
reacted with the hydrazine. At 500 F all the oxygen When a solution containing 1.5 ppm NaeSO; and 0.05 
reacted with the iron and none of the oxygen reacted with ppm dissolved oxygen was passed through the iron bed 
the hydrazine. These results indicate that, in the at 80 F, about 80 per cent of the oxygen reacted with the 
presence of iron, any dissolved oxygen present will react sulfite ahead of the bed and another 20 per cent reacted 
with the iron and the hydrazine does not prevent this with the sulfite while passing through the bed. When 


tainless Steel Equipment 


rABLE II—REACTION OF DISSOL ED OXYGEN WITH NA:SO; OR N:Hi, 


In Contact with Fe2O; 


Per cent Oxygen Per cent Oxygen 
Contact Time in Minutes Oxygen Reduced* Reduced* 

Before Tremp F Added Na2SO Before After Je Before After 

718) ppm Or Fe2O; Fe20; Or Fe2O; Fee. 
70 85 
90 100 
90 100 
100 100 
45 100 
38 100 
10 100 
10 23 


FesO é 7¢ 
0 055 
055 


3 
3 
3 
3 
1 
l 
l 
l 


ANNs Se ee 


NNN 


t pH 11.0; all others pH 8 
* Oxygen reduced calculated from NaeSO; or NeH, reduction NaeSO, and N:H; reported in terms of O2 equivalents 
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DISSOLVED OXYGEN WITH SODIUM 
SULFITI 


rABLE Ill—REACTION OF 


Contact Time Five Minutes 


Per 

cent 
Sedium Sulfite ppm of . 
Oxygen Na25O: 
Reacting Or 


Oxygen ppm 
After After 
Added Bed Before Bed 
0.00 1.440 1.430 
0.05 1.440 1.140 83 3 
0.05 0.012 none 
0.00 1.290 1.300 
0.05 0.000 1.300 0.920 
0. O25 0.003 none 
0 O25 0 OOo 1 300 1.080 


the temperature of the bed was raised to 300 F, the 
same results were obtained, indicating that only about 
10 per cent of the oxygen reacted with the sulfite. Tests 
for oxygen after the bed at 300 F, showed no oxygen. 
Thus about 60 per cent o1 the oxygen reacted with the 
iron even in the presence of sulfite. This indicates that 
when dissolved oxygen is brought in contact with un- 
protected iron at 300 F, the oxygen reacts with the iron 
faster than with sulfite. When the temperature was 
increased to 400 F, the sulfite was partially (about 40 
per cent) reduced to sulfide. When the temperature 
was raised to 465 F around 70 per cent of the sulfite was 
changed to sulfide. This is apparently the action of the 
iron with the water to form hydrogen and the ferrous 
hydroxide. The hydrogen in turn reduces the sulfite to 
sulfide. 

When hydrazine was tested in contact with this type 
of iron bed, there was no hydrazine loss up to 410 F, 
either with or without oxygen present. Here also there 
was no oxygen left after the hot iron bed. This indicated 
all the oxygen reacted with the iron and the hydrazine 
did not react with any of the oxygen. There was no 
reaction of the hydrazine with the iron oxide since 
there was apparently no ferric oxide present. 


Decomposition of Hydrazine to Ammonia 


Tests were conducted both in the pressurized water 
cycle and a laboratory steaming boiler to study the 
formation of ammonia from hydrazine. Since hydra- 
zine reacts with the Nessler reagent, the direct Nessler 
test for ammonia gives erroneous results. Tests were 
conducted in which 500 ml samples were made alkaline 
with sodium hydroxide and distilled. The distillate was 
then tested for ammonia by use of the Nessler reagent. 
Samples of the feedwater containing up to 0.30 ppm 
NeH, showed not over 0.002 ppm NH; as N. This 
indicated freedom from the effect of the hydrazine when 
distilled for the ammonia test. 

Pressurized water was passed through a stainless steel 
tube with a National Bureau of Standards steel sample 
in the tube. Hydrazine was added to the water and the 
ammonia determined at one contact time (five minutes). 
The water was deaerated and, after the hydrazine 
addition, was found to contain not more than 0.002 ppm 
NH;. The results obtained are shown in Table V. 
The results show that the hydrazine formed ammonia in 
all the tests run from 360 to 680 F. Above 500 F the 
rate of ammonia formation was rather rapid. 

A test was conducted with the laboratory steaming 
boiler in which the feedwater was deaerated ammonia 
free water to which hydrazine was added. The results 
obtained from this test are reported in Table VI. The 
ammonia is formed at all temperatures to the test (350 
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ABLE IV--REACTION OF DISSOLVED OXYGEN WITH HYDRA 
ZINE 


Contact Time Five Minutes 


Per 
cent 
Hydrazine ppm Oxygen 
After After Re 
Added Bed Before Bed acting 
80 0.025 0.025 0.150 150 0 
230 0.05 0.026 none 
230 0.05 0 1 
260 0.00 0 1 
260 0.05 0 1 
1 
l 
l 


Oxygen ppm 
Temp 
F 


150 0 
142 


0 
) . 140 0 
) 


5 

4 

44 

5é 155* 0 
148 


260 0.05 0 
300 0.00 0 
300 05 55 140 
300 05 0 none 
300 10 155 0.110 
100 00 156 115 
400 05 156 103 
400 05 none 
400 10 156 O98 
500 00 156 085 
500 05 156 080 
500 05 0.00 none 
500 0.10 0.00 none 


* CuSO, added equal to 0.01 ppm Cu 


9 
3 
» 


600 F) with the rate increasing as the temperature in- 
These tests also show the amount of hydrazine 
in the steam and the boiler water. The distribution 
ratio at 350 F is fairly constant. At 500 and 600 F 
this ratio decreases. This is undoubtedly due to the 
hydrazine in the steam reacting with the oxides in the 
steam sampling lines at the higher temperatures. 

The ammonia formed in these steaming tests is lower 
than in the pressurized water tests. The hydrazine in 
the boiler water was low, indicating some reduction of 
the oxides by the hydrazine. In a generating station 
with condensate returns, the ammonia will concentrate 
in the cycle to a higher value than it would in the steam 
from a boiler with one hundred per cent makeup free 
from ammonia. 


creases. 


Discussion of Results 

The results of all tests conducted indicate that hydra- 
zine has a low reaction rate with oxygen even at tem- 
peratures up to 400 F. This is in agreement with the 
resuits reported from power plant tests where the reac- 
tion rate with oxygen in steam at 345 F was reported to 
be very slow (2). The reaction rate of the sulfite with 
oxygen is fairly rapid even at room temperatures. 

The hydrazine reacts with cupric copper and ferric 
iron at lower temperatures than the sulfite does. The 
presence of a measurable excess of either reducing chem- 
ical in a high pressure boiler will indicate reduction of 
the cupric or ferric ions. The cupric copper is reduced 
to metallic copper while the ferric oxide is undoubtedly 
reduced to the magnetic oxide of iron. 

The action of the hydrazine with oxygen in the pre- 
boiler cycle would be rather slow. The presence of a 
small amount of oxygen in the preboiler cycle would 
oxidize any iron and copper which would be dissolved 
in the condensate. When the water is heated to a 
temperature above 120 F, the hydrazine would start 
reducing the cupric copper. When the water passes the 
heater ahead of the boiler feed pump, the reduction of 
the copper oxide by hydrazine should be proceeding at 
a good rate and by the time the water reaches the boiler, 
reduction of the ferric iron should also be almost complete. 
Any surges of oxygen concentration greater than that cor- 
responding to the hydrazine would allow the higher oxides 
to enter the boiler, and if sufficient hydrazine reserve is not 
present in the boiler water, corrosion might start. Since 
it does not appear possible (in higher pressure boilers) 
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FROM 
WITH 


FORMATION OF AMMONIA 
WATER IN CONTACT 
MINUTES 


HYDRAZINE IN 


TABLE V 
STEEL FOR FIVE 


PRESSURIZED 


Ammonia 
Formed 
ppm 
0.009 
0.014 
0.020 
0.042 
0.070 
0.117 
0.150 
0.160 


Hydrazine ppm 
Temp | Before After 
360 23 0.230 
400 233 0.260 
450 5 0.270 
500 2: 0.230 
550 5 0.180 
600 25% 0.100 
650 25 0.024 
680 5 0 008 


to maintain more than 0.020 ppm hydrazine in the boiler 
water without forming excessive amounts of ammonia, 
the control of the hydrazine feed would have to be 
maintained by rather frequent analyses and the dis 
solved oxygen would have to be kept at very low values. 

The action of the sulfite with oxygen in the preboiler 
cycle is rather rapid. A small residual should reduce the 
free oxygen. However, since it is not possible in the 
boilers using feedwater for steam attemperation to add 
the sulfite until after the point of take off of the feed- 
water for steam attemperation, any benefit of its use in 
the preboiler cycle is lost. A measurable residual main 
tained in the boiler water will stop boiler corrosion. 
However, due to the decompositon of the sulfite at the 
higher temperatures to liberate sulfur dioxide, the 
sulfite demand is increased. When attempts are made 
to maintain low values of residual sulfite in the boiler 
water, any variation of oxygen ahead and after the 
deaerator causes appreciable variation of the sulfite 
residuals. This usually means that the sulfite residuals 
are carried higher than desirable in order to have a 
measurable excess at all times. The combination of the 
hydrazine and sulfite treatment has been reported from 


one power plant (3). This method has the advantage of 


carrying a larger reducing reserve in the boiler and using 
the reserve of sulfite as a control of the amount of hydra- 
Thus if a residual of 2 ppm of sodium 


zine required. 


Methods 


~TERMINATION OF SODIUM SULFITE 
Reagents 
1. Hydrochloric acid solution made by adding 20 ml ol 
concentrated HCl to 80 ml of distilled water 
Potassium iodate solution made by dissolving 0.283 
grams of KIO; in one liter of distilled water. One 
hundred ml of this solution is diluted to one liter 
One ml of the second solution is equivalent to 0.5 
milligram of Na2SO; 
3. Potassium iodide crystals 
4. Starch solution 
Apparatus 
1. Glass stoppered bottles about 275 ml volume 
marked at volume of 252 ml 
about 500 ml volume 


These 
2. Casseroles, 
Collection of Sample 

Two ml of the HCI solution are added to a clean, marked 
bottle and the sample collected through a glass tube ex 
tending to the bottom of the bottle until the volume 
reaches the mark on the bottle 

Titration 

The contents of the bottle are put into a casserole and 
several crystals of KI and the starch are added. A sec 
ond casserole containing an equa! volume of distilled 
water is set along side the sample. The sample is then 
titrated with the iodate solution to the first permanent 
blue color using a daylight fluorescent light. A blank is 
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TABLE VI—FORMATION OF AMMONIA FROM HYDRAZINE IN A 
STEAMING LABORATORY TEST BOILER HAVING A FEED WATER 
CONTAINING HYDRAZINE 


Hydrazine ppm 

Boiler ppm 

Temp | Water Steam Steam 

350 0.250 0.090 0.015 0,010 

350 0.250 0.142 0.028 0,011 

350 0.250 0.184 0 032 0.012 
350 0.250 0.262 0.045 

500 0.250 0.142 0.026 0.020 

600 0.250 0.080 0.000 0.038 

600 0.250 0.046 0.002 0.036 


Ammonia 


Feed 


sulfite is maintained in the boiler water, there is the 
equivalent of 0.25 ppm of O2 consuming power available. 
With the hydrazine treatment alone, it is not possible 
to maintain more than 0.020 ppm of Os consuming 
hydrazine. Thus there would be ten times as much 
reserve with this amount of sulfite than there would be 
with the hydrazine. 

The hydrazine could be added continuously to the 
deaerator storage or at the condensate pump when there 
is no deaerator. This reduces the chemical pump pres- 
sure and allows the hydrazine to start reducing the 
oxides at the lower temperatures. At these lower 
temperatures the decomposition to ammonia is at a much 
lower rate than at the boiler temperature. 
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(5) “Colorimetric Determination of Low Concentration of Dis- 
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of Analysis 


determined by running a test as outlined but using dis- 
tilled water instead of the sample. This blank is to be 
subtracted from the total iodate used. NaSO; ppm = 
(ml of iodate used—ml blank) 0.2 


TERMINATION OF HYDRAZINE 

Reagent 

One gram of p-dimethylaminobenzaldehyde is dissolved 

in 50 ml of ethanol (isopropanol may be also used) and 

10 ml of concentrated hydrochloric acid added 

Apparatus 

1. Erlenmeyer flasks 125 ml volume and marked at a 
volume of 105 ml 

2. Coleman spectrophotometer set 
445 with 40 mm cells 

Collection of Sample 

Five ml of the reagent are added to a clean marked flask 

and the sample collected through a glass tube extending 

to the bottom of the flask until the volume reaches the 

mark on the flask. After 30 minutes for color develop 

ment, the solution is measured in the 40 mm cell in the 

spectrophotometer using distilled water similarly treated 

with the indicator as a reference solution. The stand 

irdization curve for hydrazine is prepared using hydra 

zinedihydrochloride (N2H,2HCl) Eastman Kodak No 

1117. The curve is determined for concentrations of 

NeH, from 0.005 to 0.28 ppm. There is no appreciable 

effect of time on the color development after 30 minutes 


at a wave length of 
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Crane’s skilled shopmen bend 17%" O.D. pipe with 
3%" wall. Pipe bend is for steam service— 1970 lbs. at 
1050 deg. F. 


«MMM 


Pipe bend fabricated by Crane is being pickled as part 
of cleaning procedure. Pipe is chrome-moly alloy 
2.539” wall thickness; 13.578" O.D. Unit weighs 9050 lbs. 


ae — fa 
TTT let : 


Experienced Crane welders have welded the bend (see 
photo 1) to header. Pipe is 24% chrome, 1% moly, 
alloy steel. Unit shown weighed 15,000 Ibs. 


Pipe shown at left also was shot-blasted. Combining 
pickling and shot-blasting assures maximum interior 
cleanliness. 


Let CRANE fabricate your heavy-wall pipe 


Do your high pressure-high temperature piping specifi- 
cations call for bending and fabricating pipe of greater 
wall thicknesses than the maximums shown in Schedule 
160 thicknesses? 

Crane shops for years have been processing heavy- 
wall pipe ranging in thicknesses up to 3.750"; in O.D. 
pipe sizes from 11.690" to 21.000"! 

Crane facilities include bending, welding, upsetting, 
machining, full furnace stress-relieving or heat treating, 


CRANE 


VALVES © FITTINGS © PIPE * 


radiographic inspection, and thorough interior cleaning. 

All Crane facilities are housed under one roof for 
fastest service—and controlled and operated under one 
responsibility. Thus, you are assured of traditional 
Crane quality in materials, engineering supervision, 
and skilled shopmanship—that effect important econ- 
omies in erection, operation, and maintenance for 
years to come. 


For prompt consultation write to address below. 


FABRICATED PIPING 


KITCHENS © PLUMBING * HEATING 


Since 1855—Crane Co., General Offices: Chicago 5, Ill. Branches and Wholesalers Serving All Areas 
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Fig. 1.—The relative furnace dimensions of an 80,000 lb per 
hr panel-constructed unit is compared with workmen 


Fig. 2.—The first installation of the C-E design VU-55 was 
an existing plant where erection space was at a premium 


Panel Construction Invades Medium 
Boiler Field 


By F. S. Crofts, 


Combustion Engineering, Inc. 


HE modern boiler manufacturing plant has placed 
heavy emphasis upon quality control of their fabri- 
cated products. In their attempts to achieve this 

control boiler fabrication techniques of long standing 
have been altered or dropped entirely and new ones de- 
veloped. One such example is the practice of paneling 
the tubes comprising the boiler water walls. 

Shop experience with this paneling has borne out the 
predictions of a better quality control and given still 
additional advantages. In-shop handling for instance, 
has been much improved with larger units, compactly 
assembled and readily identified so as to permit efficient 
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use of mechanical handling aids. Similarly shop storage 
is neater, and the material making up an individual 
boiler more readily located and put together for ship- 
ment. Now this technique has been broadened to in- 
clude the industrial boiler of the range of 60,000 to 
120,000 Ib per hr steaming capacity. 

The Seacoast Products Co., Lewes, Delaware, has re- 
cently installed a Combustion Engineering VU-55, the 
first of that company’s line in this range to employ the 
panel construction technique. This particular boiler, 
designed to fire oil or gas, comes with a superheater and 
or a tubular air heater, if desired. At Seacoast the unit 


baa Mery vB "2 


Fig. 4—Cutting tubes at the front wall permits dividing 
**D”’ assembly into manageable halves for easy field erection 


Fig. 3—Wash drawing, left, pictures a cut-away view of 
the VU-55 and shows the relation of the different boiler 
elements 
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Fig. 5—Erection phase once “‘A’’ frames and foundations 
are in begins with the lifting of the boiler drums into posi- 
tion as shown in the above 


has a tubular air heater, develops 80,000 lb per hr at 
220 psi operating pressure when burning oil. At the 
time of ordering it was specified that the boiler, including 
all related piping, had to be ready for operation on May 
20, 1956. Since delivery of all the components of the 


boiler was not completed until February 29 there were 
only seven weeks in which to erect and pipe the boiler. 


The Erection Phase 


With the foundations in place and the “A’”’ frames up, 
boiler erection began April 1 on a single 12-hr shift per 
day, 7-day week basis. After one week two 12-hr shifts 
were established and this was carried on until the sixth 
week. At that time the erection schedule was changed 
back to a single 12-hr shift. The piping and electrical 
work were so scheduled that they kept pace with the 
boiler’s progress. 

May 20th, seven weeks to the day from the start of the 
erection program, the boiler had been tested, boiled out 
and made ready for operation. Good as this record is 
the engineers at Seacoast Products and the Erection De- 
partment of the boiler manufacturer feel it could be bet- 


Fig. 7~—The burner side wall reaches the job in a panel as- 
sembly and in current jobs with skin casing already applied 
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Fig 6—Along with Fig. 5 the above shot gives some idea of 
the juggling involved in the final setting of the drums 


tered since space conditions at Seacoast were definitely 
cramped. In fact the installation photos, Figs. 1, 2, 
give evidence of these limitations. Existing equipment 
made it difficult to position and mount the panels on 
all four sides. 


Boiler Design 


The VU-55, Fig. 3, is compact but of a size that up 
until recently was put together in its entirety in the 
field. The front wall, left side of Fig. 3, contains no 


Fig. 8—Burner side wall is shown in transit as a complete 
panel with scaffolding in place 
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Fig. 9—Final positioning adjustments for side wall assembly 
are being made in the above 


headers. Because of this fact ““‘D” shaped tangent 
tubes are extended outward from the upper drum to form 
the roof, then downward to make up the front wall and 
finally back to the bottom drum to form the furnace floor. 

This particular ‘‘D’’ tube assembly lends itself to 
panel construction but presents shipping problems if fab- 
ricated as a complete unit. For this reason the “‘D’’ as- 
sembly is divided exactly in half by cutting the tubes at 
the front wall, Fig. 4. One half then contains the roof 
and the upper part of the front wall and the second half 
consists of the lower section of the front wall and the 
floor. The tubes in each section are brought together 
and welded to form a continuous front wall. 

The actual erection sequence once “‘A’’ frames and 
foundations are in place is to erect the boiler drums, 
Figs. 5, 6, followed by the boiler tube banks. The 
lower half section of the ““D’’ tube assembly goes into 
place next and its tubes rolled into the bottom drum. 
The burner side wall, Fig. 7, which reaches the job in a 
panel assembly and in current jobs with the skin casing 
already applied, is moved into its proper position, Figs. 
8, 9. Then the upper half section of the ““D’’ tube as- 
sembly goes into place, Fig. 4 and the individual tubes 


CASING TEMPERATURES 
Point #11L 
Ke 412L 


TABLE I 


Point 


Ambient Air Temperatures—2 ft from casing 


83 F 
75 F 
84 F 
81 F 
90 F 


Front 
Upper left 
Lower left 
Upper right 
Lower right 
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are joined to complete the front wall circuits. Lastly 
the right side wali tube assembly which is shipped as a 
panel is erected and the boiler is closed in. 


Field Experience 


The first field service report which we quote below 
gives an indication of the operating results and some of 
the early performance for this design. 

“The VU-55 at the subject station went into service on 
May 30, 1956. Since that time it has been lit-off almost 
every evening, operated at or near full load during the 
night, and shut down in the morning or mid-afternoon. 
The casing is tight, expansion uniform, and no signs of 
warping or binding. Overall the VU-55 is a very com- 
pact and trim looking unit. The pressurized furnace 
presents no problem, in fact, it simplifies operation in 
that no balance has to be maintained between an I.D. 
and an F.D. fan. 

When lighting off, the fuel oil pressure should be kept 
below 30 psi until all four burners are in service. This 
is to prevent the fire from striking the opposite wall. 
When all four burners are in service, the firing circle is 
formed and the oil pressure can then be regulated from 
15 to 120 psi. An atomizing steam pressure of 20 psi 
above the oil pressure is required for proper atomiza- 
tion. The secondary air dampers do not have to be ad- 
justed for load changes, all the regulation necessary is the 
speed of the F.D. fan to maintain the proper air for the 
fuel requirement. 

The casing temperature data, Table I, was taken with 
the boiler operating at 220 psi steam pressure and 80 psi 
fuel oil pressure. See Fig. 10 for the exact positions in 
the boiler where temperatures were taken. There is no 
side to the building at the back of the boiler. The pre- 
vailing breeze on the left hand side and closeness of the 
adjacent boiler on the right hand side account for the 
difference in casing temperatures.” 


Summary 


The definite advantages of panel construction in the 
above reported case has been repeated in later installa- 
tions and this method of boiler fabrication is certain to 
be continued into the future. 


CASING TEMPERATURE LOCATIONS 















































Li. LEFT HAND SIDE 
R_ RIGHT HAND SIDE 


Fig. 10—The points for the temperature measurements ap- 
pearing in Table I are spotted in their boiler locations 
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Power Practices in 1956 


ERTAINLY the fact that the power developments of 

the past year saw new peaks in all reportable areas 
comes as no surprise to the average power engineer. 
Specifically the new totals are: (1) the highest 12- 
month (October 1955-September 1956) electric energy 
production ever established by the public utilities 
nearly 592 billion kwhrs—hetter than 12.7 per cent above 
the roughly 525 billion kwhr figure for the same October 
to September period of a year ago; however, the month 
of September 1956 produced 6.5 per cent less kwhr than 
did August 1956, (2) a combined utility and industrial 
energy production that reached 11.4 per cent above that 
of the same 12-month span in 1955 to about 674 billion 
kwhrs, (3) a utility and industrial generating capacity 
that aggregated 135,127,038 kw on September 30, 1956. 
All the foregoing are based on the latest available Federal 
Power Commission reports. This same source further 
puts installed capacity of utility generating plants at 
118,660,912 kw on September 30, 1956 as against 
110,909,719 kw reported in service on September 30, 
1955. Industrial generating capacity, according to the 
FPC, rose slightly from the 16,036,290 kw level as of 
September 30, 1955 to 16,466,126 kw on September 30, 
1956. This industrial capacity includes the stationary 
plants of electric railroads and railways. 


Capacity Additions 


Manufacture of heavy electric power equipment con- 
tinues at a high rate according to the Twentieth Semi- 
Annual Electric Power Survey of the Edison Electric 
Institute. Scheduled production for 1956, unlike 1955 
which saw a slight decline, is in most cases set at rates 
that exceed any past records. This Twentieth Survey 
indicates that the total capacity of new generating units 
placed in commercial operation during 1956 will be about 
8,000,000 kw. As of October 1, 1956 the capacity of new 
generating equipment placed on order by U. S. electric 
power systems totaled more than 14,000,000kw. Includ- 
ing the year 1956 the program of expansion which ex- 
tends partially into 1960 and beyond comprises 386 new 
thermal generating units totaling over 43,000,000 kw. 
As of October 1, 1956 the nation’s electric power systems 
had added only 74 units totaling roughly 5,440,950 kw. 
The principal reason for this relative lag is, of course, 
the delays occasioned by the prolonged strike experienced 
by one of the major equipment manufacturers. 

Capability of the electric power systems is estimated 
to reach over 122,700,000 kw by the end of 1956, an 
increase of only about 5.5 per cent for the year, and 
reflecting the delays in delivery described above. The 
scheduled capability at the end of 1959 will exceed 
160,000,000 kw, which the E.E.I. Survey points out, 
is an increase of more than 37 per cent over the actual 
capability at the end of 1955. 

Peak load for the country as a whole still occurs in 
December and this year it is believed it will go to about 
106,200,000 kw. The December 1959 peak E.E.I. 
estimates at about 132,500,000 kw and as such it estab- 
lishes an increase of about 35 per cent over the actual 
peak load of December 1955. 

The E.E.I. feel their latest survey indicates electric 
power requirements throughout the United States will 
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continue to show substantial increases during the next 
few years. Further, E.E.I. believes the already scheduled 
expansion by the electric power systems of the country 
is ample to keep pace with these growing demands and 
at the same time maintain adequate margins. 

Thermal power projects in the E.E.I. compilation 
constitute 87 per cent of the scheduled generating 
capacity expansion and the remaining 13 per cent is 
hydro. The size of thermal generating units continues to 
increase, the largest units now on order are rated at 
$50,000 kw. 

During the past few years, owing to a growing use of 
air conditioning, summer loads on all systems have 
improved. The apparent 1956 summer peak load was 
98,200,000 kw, or 92.5 per cent of the estimated Decem- 
ber 1956 peak. In 1959 the summer peak load is esti- 
mated to reach 128,300,000 kw or 96.9 per cent of the 
December 1959 peak load. In many systems the sum- 
mer peak is challenging the December one for the 
highest of the year and some systems already recognize 
the summer peak as more critical from the standpoint of 
load. Because this situation is becoming widespread 
the E.E.I. included load data for the summer as well as 
for December peak conditions. From this tally Region 
V of the Federal Power Commission supply regions 
appears to have its summer peak firmly fixed above its 
December high. This region covers Louisiana, Texas, 
New Mexico, Oklahoma, Arkansas and much of Kansas 
where air conditioning loads largely influence system 
peaks. In this region the 1955 summer peak was listed 
as 24 per cent above the December figure and the 1956 
summer high is expected to run 23.8 per cent over the 
December value. 

At the moment, though, based on the sum of regional 
summer margins the gross margin for the country as a 
whole stands somewhat higher in the summer than it 
does in December. The sum of the December regional 
margins is estimated at 14.8 per cent in 1956 and 20.5 
per cent in 1959 under median hydro conditions. 


Individual Systems 

The entire utility industry as the electric energy 
production figures show is experiencing a vigorous 
growth. The Pacific and Electric Co., largest 
privately owned system with something in excess of 
1,500,000 kw capability, is going ahead with its Hunter’s 
Point Station planned for an initial capacity of 165,000 
kw in 1958. 

Early in 1956 the American Gas and Electric Co. 
announced the largest expansion in its history—a 
$700-million, five-year program calling for 2,600,000 
kw of new generating capacity. During the year, con- 
struction of three new steam-electric generating stations 
was begun. These plants, Kammer Plant, at Captina, 
W. Va.; Clinch River Plant at Carbo, Va., and the 
Breed Plant, near Sullivan, Ind., will add a total of 
1,575,000 kw to the AGE System's present 4,024,000 kw 
capability. 

The Kammer Plant is planned as a unit of the world’s 
first fully-integrated aluminum operation. Part of its 
675,000-kw capacity will serve the electric power re- 
quirements of the new aluminum operation of Olin 
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Revere Metals Corp., a few miles downstream from the 
Kammer Plant. Pittsburgh Consolidation Coal Co. 
will provide fuel for the plant from a new and major deep 
coal mine at the power plant site. It also is building 
and will operate a new coal carbonization plant, adjacent 
to the power plant, which will provide a more economical 
boiler fuel in the form of char, as well as a new source of 
usable chemicals from coal. Olin Revere Generating 
Corp. will own two of the plant's three 225,000-kw units; 
Ohio Power will own the other and operate all three. 

The Clinch River Plant, in southwestern Virginia, 
will have a capacity of 450,000 kw from two identical 
225,000-kw units. The plant will be owned and operated 
by Appalachian Electric Power Co. The plant’s fuel 
requirements will be supplied by Clinchfield Coal Corp. 
from a new mine near the plant. The power plant will 
employ cooling towers to facilitate supplying the great 
amounts of cool water required for steam-condensing 
purposes—the first application of cooling towers for units 
of this size on the AGE System. 

Indiana & Michigan Electric Co.’s new Breed Plant, 
on the Wabash River south of Terre Haute, Ind., will 
house the two world’s largest steam-electric 
generating units, 450,000 kw. This unit will be 73 per 
cent larger than any unit operating today, and the plant 
is expected to show an improvement of 5 per cent in 
thermal efficiency over the world’s best to date. It will 
operate at the supercritical steam pressure of 3500 psi. 
The plant will be served by a new coal mine being 
developed nearby by Ayrshire Collieries Corp. The 
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plant’s coal requirements will be delivered from the mine 
by a private six-mile railroad built by Ayrshire. 


In addition to the new plants which were started 
during the year, other new generating facilities were 
authorized to be added to the AGE System. The 
System's second 450,000-kw. generating unit will be 
constructed at the 600,000-kw Philip Sporn Plant, on 
the Ohio River at Graham Station, W. Va. Con- 
struction will start in early 1957. Sporn Plant is jointly 
owned by Appalachian and Ohio Power. 

Outdoor boilers are being built at all of the above- 
listed plants -AGE System’s first such units. 


Nuclear Power 


The most recently available picture of things to come 
in the field of nuclear power is embodied in the speech of 
Lewis L. Strauss, chairman of the AEC, before the 
American Nuclear Society in Washington, D.C., Decem- 
ber 11. At that time Admiral Strauss daid down an 
eight point program of expansion calling for: (1) another 
round of proposals from private and publicly-owned 
industry for construction of various nuclear plants, (2) 
a freedom from size limitation on size or type for these 
proposals, (3) first priority grants to a proposal for a 
large-scale reactor fueled with natural uranium and using 
heavy water for a moderator, (4) a promise of Com- 
mission participation if industry did not develop accept- 
able proposals, (5) a proposition that government assume 
a greater share in research and development costs as 
apart from construction, (6) assistance in the form of a 
phased waiver or reduced use charges for leasing of 
nuclear fuels, (7) an early date for firm AEC charges for 
chemical processing of nuclear fuel elements in govern- 
ment facilities, (8) a more elastic partnership with 
industry to include reactor projects for uses in space 
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heating, chemical processing, and similar applications. 

But against this proposed projection must be weighed 
the results of the highly interesting series of hearings 
scheduled to begin in January on the Power Reactor 
Development Corp., Detroit, Mich., installation. These 
hearings, requested in the main by organized labor, have 
to do with safety provisions. 

At the time of the Power Show in New York City the 
AEC released a booklet covering the major aspects of the 
current experimental reactor program. Some eight 
different reactor concepts were represented. In addition 
the two recent starters—the gas-cooled, high-tempera- 
ture reactor and the plutonium recycle project—-were 
mentioned as well as three test reactors. Back on 
October 1, 1956 the Commission also supplied a com- 
plete tabulation of nuclear reactors built, building or 
planned in the United States. 

The British officially opened, October 17, 1956, their 
Calder Hall Station in which the power station heat is 
generated in reactors by nuclear fission and carried by 
carbon dioxide gas to heat exchangers where steam is 
formed and then delivered to the turbine generators. 


Fuels 


Mine output of bituminous coal for 1956 was estimated 
by the National Coal Assn. Forecast Committee to 
approximate 509.6 million tons, up 9.0 per cent above 
1954’s figure. Overseas exports, however, registered a 
healthy 48 million tons. The electric utilities in 1956 
consumed 157 million tons or better than 13 per cent 
above last year’s 138 million high. In the power genera- 
tion field the TVA plants alone used 18 million tons and 
the atomic energy project suppliers in total required 
around 27 million tons. Apparently the coal industry 
has successfully come out of its doldrums of 1954. 


Gas Turbines 


As of March 1, 1956 there were in service throughout 
the world gas turbines with a total rating of about 
1,500,000 kw. Of all known units 101 were for power 
generation and 123 for other applications such as com- 
pressor and pump drives for industrial use. In the 
U.S.A. there were 107 gas turbines in use and 21 of these 
were for power generation. During 1955 there were 77 
gas turbines ordered throughout the world to the best 
knowledge of one leading manufacturer and 27 were 
scheduled for power generation. The use of these power 
turbines by and large is for standby or peak load service. 

It has been pointed out and quite effectively that a 
combined steam and gas turbine plant offers advantages 
in overall heat rate that a conventional plant cannot 
match. The exhaust from a gas turbine contains approxi- 
mately 80 per cent of its orginal oxygen and hence used 
as a combustion air in an essentially standard pressurized 
boiler permits firing any available fuel in the main boiler 
with only that quantity needed by the gas turbine itself 
to be gas or oil. 

The first combined gas and steam turbine electric 
power plant in the U.S.A. was announced early in 
December by the Crisp County, Ga., power commission 
for Cordele, Ga. In this application a 5000-kw simple 
cycle, single-shaft gas turbine will exhaust to a 600 psi, 
825 F steam generator fired by pulverized coal and 
supplying a 12,500 kw steam turbine. The dual unit 
to be built by General Electric Co. is scheduled for 
operation in 1958. 
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ASME Annual Meeting in Review— II 


HIS is the the second of our two-part review of the 
ASME Annual Meeting. The first part appeared 
in the December COMBUSTION, pp 51-59. 


Supercritical Pressure Plants 


A three paper session on the forthcoming Philadelphia 
Electric Co. Eddystone supercritical pressure plant 
was presented on Tuesday evening, November 27. 
This subject with its three major areas of consideration, 
overall engineering, steam turbine and also steam gen- 
erator design, was handled by three separate papers, 
each on one of the major areas. 

J. H. Harlow, Philadelphia Electric Co., in his paper, 
“Engineering the Eddystone Plant for 5000 psig, 1200 F 
Steam,” reported on the problems encountered and the 
solutions developed in engineering a power plant with 
a single boiler and turbogenerator set of 325,000-kw 
rating and with throttle steam conditions of 5000 psi 
and 1200 F. After a brief discussion of the cooperative 
method used, a short history of the supercritical-pressure 
idea and an abbreviated review of the significance of 
supercritical conditions were given. The paper was con- 
cerned with the problems of water conditioning and 
quality control, of piping materials and design require- 
ments, of heat-cycle development, of pumping feedwater 
to the very high levels required, and of other miscellane- 
ous plant-design situations. 

In addition to the supercritical pressure, the very high 
temperature, the two reheats and the large last stage 
1800-rpm blading, a great deal of attention has been di- 
rected to the other parts of the cycle in an attempt to cap- 
ture all available heat units. To this end the pressure 
level of each feedwater heater, the use of drain coolers 
and heater-desuperheater zones, the location of heater 
drains and the disposition of pump and turbine shaft- 
seal drains, among many other items, have been studied 
carefully. Also, a number of new and venturesome 
ideas have been incorporated. Among these is an ar- 
rangement for using lowest pressure bleed steam to tem- 
per combustion air and for using a low-level economizer 
to heat condensate, thus lowering the stack temperature 
to about 200 F. 

The end result has been to produce a calculated heat 
rate at nominal rating of load and steam conditions and 
with 1 in. back pressure of 8016 Btu per net kwhr. 

In addition to making full use of demineralizers for 
ridding the supercritical station make-up of solids, the 
make-up quantity has been reduced to the vanishing 
point by the installation of a set of separate house-service 
boilers. These boilers will supply steam for building 
heating, soot-blower operation and any other low-pres- 
sure steam requirements which may be encountered. 
There are three such boilers each rated at 40,000 Ib per 
hr and producing steam at 500 psi. 

The condenser-leakage problem, in Mr. Harlow’s 
opinion, is more difficult of solution than the make-up. 
This results from the problem of detection as well as the 
problems of building a tight condenser and of providing 
a means for removing any contaminants which might get 
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into the condensate stream. These problems and some 
suggested solutions were then developed. 

As for the choice of metals, the 5000-psi 1200 F piping 
will be made of Type 316 stainless steel using the allow- 
able stresses included in the 1952 ASME boiler code, and 
the finishing superheater and supercritical-turbine rotor 
will be made of the so-called superalloys. 

The solution to the feedwater pumping arrangement 
was to divide the feedwater-pump duty into three 
separate pumps in series with the high-pressure heaters 
between the first and second pumps. The low- and inter- 
mediate-pressure pumps will have motor drives, while the 
highest pressure pump will be driven by a steam turbine. 
With this arrangement the first two pumps can and will 
be designed for direct 3600-rpm motor drive, thus elim- 
inating speed-increasing gears. These two pumps have 
been selected so that the pressure they will develop in 
series, when taking advantage of the rising pump char- 
acteristic and the higher specific gravity of the water at 
light loads, will be adequate to circulate water through 
the boiler at more than one third rating during the firing- 
up period. The third pump, to be driven by a turbine 
which receives its steam from the first cold reheat of the 
main unit and exhausts to the second cold reheat, will 
come on after the main unit is synchronized and operating 
at about one-third load. 

From this point Mr. Harlow presented a number of 
features the pumps and the arrangement possess and de- 
scribed the feedwater heating and the overall plant cycles. 

C. B. Campbell, C. C. Franck, Sr., and J. C. Spahr, 
of Westinghouse Electric Corp., followed with a descrip- 
tion of ‘“‘The Eddystone Superpressure Unit.’’ This tur- 
bine is rated at 325,000 kw and is designed for inlet steam 
conditions of 5015 psia at 1200 F, with two stages of re- 
heat to 1050 F. It will exhaust at 1 in. Hg abs. Ini- 
tially, nine stages of extraction feedheat were contemplated 
and corresponding extraction connections are provided in 
the turbine design. However, only eight extraction 
stages are actually used, since a stack gas cooler has been 
interposed. The system will heat feedwater regenera- 
tively to 551 F at rated output, this temperature in- 
creasing to about 563 F at the discharge of the high-pres- 
sure boiler feed pump. 

The Eddystone Station heat balance was diagrammed 
for the maximum steam flow of 2 million lb per hr at the 
turbine stop valves. Steam pressures and temperatures 
were shown for the various extraction points, i.e., car- 
dinal pressure points, and their location relative to the 
individual elements of the turbine is indicated. This 
illustration shows all of the components of the turbine 
cycle normally in use. The main flow of steam from the 
turbine stop valves is, in series, through the superpressure 
(SP) and the very high pressure (VHP) elements, the 
first reheat stage, the high-pressure (HP) turbine stages, 
the second reheat stage, and finally through the inter- 
mediate (IP) and low-pressure (LP) turbines to the 
condenser. 

Among tke numerous problems imposed by the design 
premises, one was the rather small volumetric steam flow 
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at the turbine inlet stage, and another the relatively 
very large flow volume at the exhaust blade. In spite 
of the fact that 39 per cent of the admitted steam is 
extracted at intermediate points for feed heating, the 
ratio of the terminal volumetric flows is two thousand 
fold. Of course, there was no question but that the 
higher pressure elements should operate at 3600 rpm. 
However, there was some question with regard to the 
optimum speed of the low-pressure turbine. 

An 1800 rpm double flow low-pressure element was 
chosen to reduce exhaust leaving losses to a minimum and 
to obtain optimum overall station heat rate. The unit 
is therefore of the cross compound type with 3600 rpm 
and 1800 rpm sections. 

Alternative constructions were studied for that por- 
tion of the turbine expanding steam from inlet pressure 
to the first reheat point; in other words, to approxi- 
mately 25 per cent of initial steam pressure. The con- 
clusion was to split this expansion between two elements 
for the purpose of securing the smallest practical element 
which would then be subjected to steam pressure or 
temperature beyond the limit of present operating ex- 
perience. This decision aggravated the problem of shaft 
seals, for which a solution appeared available. Ad- 
vantages include: (a) greater latitude in selection of high- 
temperature alloys, some of which are not available in 
large sizes; (b) permits the use of conventional casing 
design principles, and (c) the rotor is relatively short and 
of small diameter, individually located which makes it 
particularly favorable for the sustained control of leak- 
age losses under all conditions of service. 

A longitudinal section of this SP turbine was furnished. 
Steam at 5015 psia and 1200 F is supplied through four 
inlet lines, each having its own stop and governing valve. 
Each of these inlets is connected to one of the four nozzle 
chambers which provide full circumferential admission 
to the first of a total of five impulse stages. The first 
stage only is velocity compounded. This type of stage is 
used in order to extract the maximum possible energy, 
thereby effecting a maximum reduction in steam tem- 
perature. In spite of this, the temperature encountered 
at the exit of the first stage is approximately 1120 F at 
maximum steam flow. From the final SP turbine stage, 
steam exhausts at 2500 psia at which point the tempera- 
ture is 1000 F. 

Because of the high steam pressure and density in- 
volved, the problem of sealing the steam at the casing 
ends becomes very important. If sufficient conventional 
radial step type labyrinth seals were applied to keep 
the leakage within reasonable limits, they would require 
an extremely long turbine rotor. Such a long rotor pre- 
sents difficult forging and thermal expansion problems. 
These problems are materially reduced by the application 
of a nested type radial seal. By this means, a satis- 
factory number of individual throttlings can be obtained 
within reasonable axial spacing. This type of construc- 
tion is used in the seal between the first stage and the out- 
let of the forward end of the inner casing, and again at 
both ends of the SP element from the exhaust pressure 
to the leakoff of the steam seal outer glands. These 
glands comprise a series of alternately stacked complete 
ring stationary and rotating members, each of which 
carries a number of ribbon type seal strips on its inter- 
spaced glands. Siemens Schuckert in Germany, with 
whom we have reciprocal technical relations, have used 
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this construction successfully for some time at comparable 
leakage steam temperature. 

No long time practical experience is available with 
respect to high speed rotors subjected to within 140 F of 
the first stage operating temperature expected at Eddy- 
stone. This is perhaps the most important consideration 
which led to splitting off the SP element into one of small 
overall dimensions. Perhaps a little feeling for the situa- 
tion can be obtained from consideration that the SP 
rotor will weigh only about 3500 Ibs, while this element 
will produce 44,000 kw output. 

In similar vein the authors provided much detail of 
the turbine unit and the illustrations employed are 
truly works of art. 





E. M. Powell, Combustion Engineering, Inc., discuss- 
ing “Engineering the Eddystone Steam Generator for 
5000 Psig, 1200 F Steam” (reprinted in full in the Novem - 
ber issue, COMBUSTION) opened with a brief comment on 
the water requirements and characteristics these steam 
conditions presented to the boiler designer. From here 
Mr. Powell went on to give some of the details of the 
design principles behind his organization’s once-through 
steam generator and its applicability to this supercritical 
service. 

The delicate problem of establishing and maintaining 
proper and sufficiently sensitive control over the boiler’s 
operating was explained by Powell and also the method 
employed to achieve this control (see December, Com- 
BUSTION). 


Water Treatment 


The subject of water treatment was handled in two 
separate sessions on the closing day. P. F. Baggish, 
Ebasco Services, Inc., opened the first session with the 
paper, ‘““‘What Do Modern High-Pressure Boilers De- 
mand of Feedwater?’. The revaluation of boiler-feed 
quality and boiler-water chemical limits was discussed 
in light of increased boiler pressures. While control of 
all solids is deemed important, the level of silica Mr. 
Baggish holds to be of prime concern. The quality of 
feedwater and limits of boiler-water concentrations for 
boiler pressures operating up to and including the super- 
critical range are described. The use and operating 
experiences of evaporator and demineralizer installations 
for production of high-quality boiler feed are described. 

The choice of acceptable feedwater preparation by 
evaporation and/or demineralization is proving to be 
dependent on individual installation conditions of labor, 
water quality and economics. Comparable feedwater 
quality appears to be available from either source of 
feedwater preparation. 

More study must be given to the sampling instru- 
mentation and interpretation of the resultant effluent 
being prepared for feedwater makeup. The latest de- 
velopment of the sodium-tracer technique for vapor- 
purity checks, offers new approach to this controversial 
problem. 


I. B. Dick, Consolidated Edison Co. of New York, 
Inc., chose for his paper ‘‘The Performance of the De- 
mineralizer in the Preparation of High Quality Water.” 
The demineralizing process, as Mr. Dick indicated, should 
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be regarded as one of several acceptable means of pre- 
paring make-up for high pressure boilers. With this in 
mind the author examines its competitive position, 
especially as it relates to evaporators, and a procedure 
is suggested for evaluating the economic relationships. 
Performance of demineralizers is discussed, the effect of 
influent water quality is indicated, and the desirability 
of performance data by experience or by pilot plant 
before undertaking a demineralizer installation is shown. 
Demineralized water quality is compared with evapo- 
rated water quality within the author’s experiences. 
Methods of test are discussed. Specialized applications 
where no other method of treatment may be applicable 
are mentioned. 

It is concluded that demineralized water quality may 
not always be as good as superficial observations indicate, 
the deciding factor probably being the quality of the in- 
fluent water. However, for high make-up stations or for 


situations requiring large volumes of high quality water, 
it is the only practical answer at present in the author’s 
opinion and all that is needed is to recognize its short- 


comings. 


S. B. Applebaum, Cochrane Corp., and R. J. Zum- 
brunnen, Scott Paper Co., combined forces in their 
paper, “‘Selecting Water-Treating Processes for Medium- 
Pressure Boilers.’’ These authors felt that for medium- 
pressure boilers the older hot-lime-zeolite process should 
be compared with demineralization before a decision 
can be reached to solve a specific boiler feedwater prob- 
lem. The dividing line between medium and high-pres- 
sure boilers for selection of water-treatment methods 
will vary with per cent of make-up, boiler blowoff accept- 
able in any given case. This dividing line usually falls 
between 750 and 1250 psi. Demineralized water is 
undoubtedly superior, having lower total dissolved solids 
and particularly lower silica, and is definitely the correct 
treatment for higher pressure boilers. However, hot 
lime-zeolite produces water of 0-2 ppm hardness, 20-30 
ppm alkalinity, and 0.5-1.0 ppm silica which will pro- 
tect medium-pressure boilers and turbines from carry- 
over, scale, and silica deposits with reasonably low 
boiler-blowoff rates. These devices can tolerate silica 
levels of more than 5-25 ppm in the boiler water. 


R. F. Andres, The Dayton Power and Light Co., 
presented a paper on “‘Evaporated Make-Up Water for A 
Monotube Boiler.” Past experience in the author’s 
company’s power stations indicated that evaporators 
were capable of supplying very pure make-up water for 
high-pressure boilers. With this experience in mind, 
a testing program was initiated to determine evaporator 
vapor purity. 

The evaporator selected for test was a Type J2 Gris- 
com-Russell Bentube evaporator equipped with their 
Type E centrifugal separator and was installed in 1954. 
It was guaranteed to produce 20,000 Ib per hr of vapor 
containing 1.0 ppm or less of total solids with a shell con- 
centration of 3000 ppm. This evaporator operates with a 
constant shell pressure of 35 psig and with a coil pressure 
ranging from 60 to 125 psig. Under normal operating 
conditions with an evaporator brine concentration be- 
tween 2500 and 3000 ppm and a normal water level 
maintained two inches above the top of the tube bundle, 
the load on the evaporator was varied from 25 per cent 
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to 110 per cent of guaranteed rating. The data from 
this test shows vapor purities ranging from 0.17 to 0.35 
ppm and Mr. Andres stated it is significant to note from 
this that evaporator vapor purity decreases slightly with 
increased rating. The author further showed, from 
curves he furnished based on conductivity measurements, 
that the evaporator vapor could be expected to average 
close to 0.25 ppm total dissolved solids. 

To confirm these evaporator vapor purity determina- 
tions and to be certain that the sampling technique was 
adequate, a test was run on a similar evaporator in an- 
other station which was producing vapor of similar in- 
dicated purity. In this plant, all of the evaporator vapor 
is condensed in a deaerator and fed to one boiler. Fora 
testing period of 14 days this boiler was operated with- 
out blowdown or sampling and the total solids from al- 
most 4 million pounds of evaporator vapor were allowed 
to concentrate in the boiler brine. The total solids of the 
boiler water were determined accurately at the start 
and finish of this test and the evaporator vapor purity 
calculated from this data was 0.28 p.p.m. Total dissolved 
solids determined by the method are in close agreement 
with the values indicated by conductivity measurement. 

With this assurance that vapor purity from the evap- 
orator was satisfactory from the standpoint of total 
solids, some tests were run to determine the silica and 
iron concentrations in the evaporator vapor since they 
also have a significant bearing on successful boiler and 
turbine operation. 

The author then commented that it seemed appro- 
priate to briefly discuss the quality of water produced by 
mixed-bed demineralization. A literature survey re- 
vealed that eight plants using this method of water 
treatment were obtaining water with a conductivity in 
micromhos ranging from 0.1 to 1.0 and with silica con- 
tents ranging from 0.1 to 0.1 ppm. A proposal from an 
ion exchange manufacturer for the Dayton installation 
guaranteed make-up water containing maximum total 
dissolved solids of 0.5 ppm, silica less than 0.01 and car- 
bon dioxide less than 1.0 ppm produced by cation ex- 
change, degasification followed by mixed-bed. On the 
assumption that this guarantee could be met in continu- 
ous plant operation, the make-up water produced would 
be comparable in overall quality to that obtained from 
the present evaporators. 

Next, Mr. Andres observed that in contrast to the 
simple chemical controls and operation related to evapo- 
rated make-up, the demineralizing system of treatment 
could pose many problems. In the demineralizing proc- 
ess, for example, the naturally-occurring ammonia in 
the well water would be removed and the low pH of the 
effluent water would require additional ammonia feed 
to raise the pH value to 9.0 in the feedwater cycle. The 
author then mentioned several other problem points. 
All in all the relatively high total dissolved solids in the 
well water and the limited capacity of the proposed in- 
stallation affect the overall cost picture and for the 
Dayton installation make the evaporation process the 
more economical. 


C. A. Bishof, J. K. Brown, H. L. Kahler, W. H. and 
L. D. Betz Co., in their paper, “Conductivity Versus 
Sodium by Flame Spectrophotometer in Steam-Purity 
Studies,’’ reported that the extensive laboratory and 
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plant work (46 plants) completed in this study indicates 
sodium is extremely valuable in evaluating steam purity. 
It is far superior to conductivity and is sensitive enough 
to detect the solids and the wetness of steam of very high 
quality. Although 0.002 ppm is ample precision for 
average plant work, it can be extended to 0.00004 ppm. 
The plant studies described here show results obtained 
when the sodium test was applied: In steam containing 
high ammonia, to detect the solids content in steam at 
different levels of boiler water solids; to pick up the 
deleterious effect of soot-blowing operation; and to pick 
and to differentiate boilers equipped with primary and 
secondary purification. The authors invite the water 
field to compare and re-evaluate sampling methods using 
flame-photometric sodium determinations in place of 
conductivity. In fact the authors state their results 
will show the boiler manufacturers that their well-de- 
signed units produce steam of far better quality than now 
claimed. These boiler manufacturers would do well, the 
authors concluded, to employ the sodium content of the 
steam to test boiler designs and operation. 


A. A. Berk, U. S. Dept. of the Interior, chose for his 
paper a report on ‘‘Use of the Bureau of Mines Conden- 
sate-Corrosion Tester for the Survey of Return-Line 
Deterioration.’ Area heating plants operated by Fed- 
eral agencies frequently have several miles of conden- 
sate-return piping. In some instances, serious corrosion 
caused expensive losses of valves and piping, with one 
agency estimating an expenditure of over $2,500,000 for 
the first six months of 1955 for repairs and replacements 
in all its continental U. S. installations. 

Treatment with neutralizing amines was found to be 
a satisfactory method for controlling corrosion arising 
from high carbonic-acid concentrations in steam con- 
densate and several methods have been developed for 
effecting control with other chemicals. However, the 
methods of treatment are not inexpensive, and it is not 
economical to introduce them as basic treatments in all 
plants for this reason. The Bureau of Mines condensate- 
corrosion tester was developed to determine the plants in 
which preventive treatment was economically desirable. 

The Bureau tester is a composite test nipple comprising 
a set of six rings or shells which fit inside a specially 
machined pipe nipple. The average weight loss of the 
rings during the exposure of the tester in a return-line 
system is evaluated in terms of an average corrosion in- 
dex; the resistance of the tester surface to acid spot tests 
provides a qualitative measure of the effectiveness of the 
corrosion products toward stifling further corrosion; 
and the surface of the cleaned rings shows the corrosion 
pattern, indicating the factors responsible for the cor- 
rosion. Chemical treatment is prescribed only when it 
is justifiable economically. 

The tester is especially valuable for following the im- 
provements resulting from changes in operating practices 
and, more especially, for determining the extent to which 
chemical treatment solves the corrosion problem. More 
than 1000 testers have been issued to Federal heating 
plants and several hundred have been returned for 
evaluation of the test results. Much has been learned 
toward improving operating practices in relation to cor- 
rosion control. Also, a much improved definition has 
been given to the conditions of effective use of the chem- 
ical treatments for controlling return-line corrosion. 
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The Bureau of Mines condensate-corrosion tester has 
been found to be a useful tool for an extensive survey at 
moderate cost. 


Valves and Piping 


R. M. Curran and A. W. Rankin, General Electric Co., 
in their paper, ‘“‘Austenitic Steels in High-Temperature 
Steam Piping,’”’ presented a number of specific representa- 
tive examples of cracking—in and adjacent to welds in 
austenitic piping systems of steam turbines manufactured 
by the authors’ company. These representative ex- 
amples illustrated the location of the cracking with re- 
spect to the weld paths within the grain structures, the 
orientation of the cracking with respect to the pipe axis, 
and the possible sources of the cracking stresses. 

The major causes of the cracking in the austenitic 
weldments of the representative examples given in this 
paper seem to be notch concentration high bending 
stresses, and residual welding stresses. Accordingly, it is 
important to review the differences between austenitic 
and ferritic piping materials in these significant areas. 

Since the main steam piping systems of low alloy steels 
are generally stress relieved prior to service there is no 
general experience available through which the role of 
residual stresses in ferritic piping can be compared with 
the difficulties in the austenitic systems. It has been the 
authors’ experience, however, that heavily restrained 
welds in the low alloy steels are prone to cracking during 
service at elevated temperatures if not properly stress 
relieved. In view of the fact that the rate of relaxation of 
residual stresses is slower in the austenitic grades of steel, 


they would be expected to be more prone to cracking from 
this cause than the ferritic steels, which emphasizes the 
need for postweld treatment of the austenitic steels 
where this is practicable. 


H. S. Blumberg, M. W. Kellogg Co., in his paper, 
“Metallurgical Considerations of Main Steam Piping 
for High-Temperature, High-Pressure Service’’ reported 
that a continued need for a dynamic and expanding 
science of metals exists in all industries which utilize 
metals and this includes the steam power industry. 
Such knowledge is being steadily developed so that there 
is available at present considerable technical and scien- 
tific back-ground for a number of compositions upon 
which the selection of steam-piping alloy steels can be 
based with excellent prediction of their service behavior. 
However, while much has been achieved, it must be 
recognized that many gaps still exist in the data re- 
quired for a completely scientific treatment of the sub- 
ject. 

The metallurgical engineer in considering power plant 
requirements bases his considerations upon a detailed 
statement of design conditions. One of his main re- 
sponsibilities is the selection of a suitable and economical 
composition which will possess the required character- 
istics for withstanding the stated conditions of service 
(i.e., time resistance to flw and fracture); the composi- 
tion recommended must be available in piping form and it 
must lend itself to satisfactory fabrication. The view- 
point of the metallurgist is, however, basically in terms 
of the so-called ‘‘internality’’ of metals, which is defined 


49 





by composition, atomic arrangements, and appearance of 
metals under high-power microscopes, as related to the 
properties and characteristics shown in laboratory and 
pilot plant tests. His interest extends to the signifi- 
cance of such test results for predicting and controlling 
the behavior of materials in service. Unless experi- 
mental metallurgical data can be translated into de- 
pendable criteria for service, they must be viewed as 
“laboratory curiosities.”’ 

This paper has been prepared from the viewpoint of 
the application metallurgist and is organized into four 
main topics. It presents the views of the author re- 
garding a broad approach to the selection and behavior 
aspects of metals for modern steam-power-plant piping; 
it summarizes the steels currently used in U.S.A.; it 
analyzes the possibilities of superstrength alloys for high- 
temperature, high-pressure steam piping, and it pre- 
sents a program being followed to select materials for 
the Eddystone Unit of the Philadelphia Electric Com- 
pany (1200 F, 5600 psi design conditions). 


R. J. S. Pigott, Retired, chose as his subject, ‘‘Losses 
in Pipe and Fittings.’’ The purpose of this paper, as of 
that in 1950, is simply to attempt a more nearly rational 
and consistent method of computing pipeline losses, to 
replace the usual guessing at ‘“‘k,”’ with a range of 2 or 3 
to 1 in the choice. The bulk of the paper is devoted to 
a review and an experience report of studies and in- 
vestigations that have been made towards eliminating 
guess work. 

Mr. Pigott made the observation that since we are 
now dealing in quite a few practical cases with much 
higher velocities than formerly, it becomes much more 
important that we calculate losses more accurately. In 
many cases the friction loss in a pipeline may be a means 
of regulating a process. In one case such as this, the 
loss calculated by the values published by manufacturers 
and in the handbooks gave results nearly four times those 
calculated by the author’s 1950 data. This difference 
would entirely change the requirements for the pumping 
system. A test on a completed layout showed the 1950 
formulation to be quite close to the facts. The manu- 
facturers’ data admittedly had included 35 to 50 per 
cent above test results, and many of the handbook data 
are also placed well on the “‘safe’’ side. This kind of 
estimating is satisfactory, the author claims, for, say, a 
line from boiler to turbine, where the total line loss is a 
small fraction of the operating pressure, but it is not of 
much use for close design of a gas-distributing system, 
or for a closed-system process in which the line loss con- 
stitutes practically the whole load. 

It would appear that if a real knowledge of bend losses 
is to be attained, according to Mr. Pigott, that we must 
consider a comprehensive research to get modern and 
more accurate data on the whole range of roughness and 
bend radius, using suitable instruments to measure and 
classify roughness. Such a program would cost more 
than any one or two companies, for example, would care 
to undertake. It would, therefore, have to be a joint 
affair, like the ASME Fluid Meters Committee's work on 
orifices, or the earlier work on properties of steam. This 
broad interest type of work is often handled by more 
than one national society, jointly. In the present sub- 
ject, Mr. Pigott feels, the American Gas Association, the 
American Petroleum Institute, and the American Water 


50 


Works Association would be as much interested as The 
American Society of Mechanical Engineers. Further 
efforts should be made to get such studies under way. 

D. P. Sobocinski, University of Kansas, and R. L. 
Huntington, University of Oklahoma, combined to pre- 
sent a paper on “Concurrent Flow of Air, Gas-Oil, and 
Water in a Horizontal Pipe.’’ As a background to this 
paper the authors mentioned several operations in the 
production of petroleum in which three-phase concurrent 
flow of fluids takes place. In some cases this type of 
flow necessarily must occur, such as the lifting and trans- 
portation of gas, crude oil, or condensate and water from 
the reservoir to the first separator in the field. In an- 
other operation, three-phase flow is encountered when 
glycol is injected into a pipeline at the well-head with 
oil and wet gas, in order to prevent freeze ups from gas- 
hydrate formation. The design of piping for vertical, 
horizontal, and inclined multiphase flow has been done 
largely by the expensive route of trial and error. Poett- 
man, et al., the authors report, have analyzed data on a 
number of wells flowing oil, gas and water vertically. 

The authors undertook a laboratory study in view of 
the current interest in the concurrent flow of oil and gas 
in field-gathering pipelines along with the injection of a 
third water phase such as glycol. The paper itself is an 
abstract of Mr. Sobocinski’s thesis for a Master’s De- 
gree. 


Steam Turbines 


“A Method for Calculating Vibration Frequency and 
Stress of a Banded Group of Turbine Buckets’’ was the 
title of the paper by M. A. Prohl, General Electric Co. 
A banded group of buckets is assumed to consist of a 
number of identical, parallel buckets evenly spaced. 
Then these buckets are normally covered at the tips by a 
band. The band is applied in segments, each segment 
elastically joining together a given number of buckets. 
In studying vibrational behavior the buckets should be 
treated as banded groups, the author states, rather than 
as individual cantilevers. 

A method of analysis, suitable for digital computation, 
is presented which gives all of the natural frequencies and 
mode shapes of a banded group of buckets subject to the 
usual limitations of the elementary beam theory. Axial 
and torsional motion as well as tangential is considered. 
Then Mr. Prohl introduces a procedure for evaluating 
vibration amplitude and stress at resonance. Damping, 
in this procedure, is assumed to be small and the energy 
input to the banded group from a prescribed form of 
nozzle stimulus is equated to the energy dissipated in 
damping to determine vibration-stress levels. Sample 
calculations have been made on the I.B.M. Electronic 
Data Processing Machine, Type 704, and the results of 
these calculations are given in a companion paper ab- 
stracted below. 

F. L. Weaver joined M. A. Prohl, both of the General 
Electric Co., in the paper, ‘‘High-Frequency Vibration of 
Steam-Turbine Buckets’ companion to Mr. Prohl’s 
paper above. In this particular presentation, the design 
of short and medium-height steam-turbine buckets was 
discussed with regard to the possibility of resonant vibra- 
tion at the frequency of passing nozzles or multiples of 
this frequency. Particular attention was given to the 
design problems involved in marine applications. 
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A new calculation procedure was used to obtain the 
various natural frequencies (tangential, axial, and tor- 
sional) of a banded group of buckets and the related mode 
forms and vibration-stress levels. Calculation results 
obtained on the IBM Electronic Data Processing Ma- 
chine, Type 704, were presented and discussed with re- 
lation to their influence on bucket design. 

With the advent of modern, large-scale, digital com- 
puters, the authors report, it is now practical to apply 
more advanced and more thorough methods of calcula- 
tion to the solution of the bucket-vibration problems 
which occur in day-to-day design work. These methods 
coupled with a continuing review and evaluation of serv- 
ice records will yield improved design procedures and 
still greater mechanical reliability. 


“Importance of Matching Steam Temperatures with 
Metal Temperatures During Starting of Large Steam 
Turbines” by R. L. Jackson, S. B. Coulter and R. 
Sheppard, General Electric Co., was presented quite 
effectively. The best kind of operation for a steam tur- 
bine, the authors stressed, is to keep it continuously under 
constant load at constant steam pressure and temperature. 
However, system-load variations and present-day require- 
ments call for daily starting and stopping of some units. 
Usually this type of operation has fallen on the older 
units built for lower pressures and temperatures than are 
common for new units today. The industry is reaching 


the point where the turbines subjected to this service are 
of the 1250 psig, 950 F or even 1450 psig, 1000 F level. 
This practice has proved to be the cause of some shell 


cracking. Asa result, studies have been made to deter- 
mine the factors occurring during the start-up period 
which produce cracking and what can be done to prevent 
trouble of this kind in the future. 

Probably the most productive approach, particularly 
with respect to existing turbines, lies in improving 
steam temperature control so that steam temperatures 
closely match metal temperatures at starting. This 
minimizes the rate of metal temperature change during 
loading. Most boilers have had an inherent character- 
istic of low temperatures at no-load flow that causes a 
quenching of turbine metal when starting a hot turbine 
followed by a rapid increase of temperature as flow is 
established. The results of this condition was shown 
graphically. The authors believe that much can and 
should be done in the operation of boilers and related 


equipment in order to obtain steam temperatures which 
match turbine metal so that the conditions imposed on 
turbines are less severe. Where the necessary control 
cannot be obtained with existing equipment it may be 
desirable to make modifications such as the bypass 
system described. 


Air Preheaters 


H. J. Hupfer, R. J. Stanley, and A. H. Van Sickle, 
The Detroit Edison Co., in their report, ‘In-Service 
Washing of Ljungstrom Air Preheaters on Pulverized 
Coal Fired Steam Generators,”’ outlined first their com- 
pany’s stand on the applicability of the Ljungstrom 
heater and later the operating experience this stand led 
them into. Prior to the construction of the St. Clair 
Plant, there was a total of 24 Ljungstrom air preheaters 
in operation in the Edison system. These served 12 pul- 
verized-coal-fired steam generators rated at either 440,- 
000 or 660,000 Ib of steam per hr. Some of these units 
were fired with southern deep-mined coal containing 1 
per cent sulfur and the others burned strip-mine coal con- 
taining 3 per cent sulfur. Average cold-end tempera- 
tures ranged from 190 to 220 F and washing was required 
once every | to 2 years. In short, operating experience 
had indicated that previous designs has been slightly 
conservative and that future designs could be based on 
lower exit-gas temperatures without affecting unit avail- 
ability. The basic objectives underlying the selection of 
Ljungstrom air preheaters for the St. Clair plant and the 
design of cold end protection were threefold: 

(1) The air preheaters should be as large as possible 
to improve boiler efficiency and provide high-tempera- 
ture primary air to the coal mills to aid in milling wet 
coal. 

(2) The exit-gas temperature at partial loads should 
be high enough to prevent corrosion and plugging diffi- 
culties in the dust collector. 

(3) The units should operate between annual over- 
hauls without washing. 

Experience gained during the in-service washing of the 
11 air preheaters has established one basic requirement 
which in the opinion of the authors is of utmost import- 
ance for successful in-service washing. Namely, it is 
imperative that the entire air-preheater surface be kept 
dry except for the narrow annular band being washed. 
Failure to do so will increase drastically water carryover 
and the amount of fly ash depositing on the wet elements 
not being washed. 
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how much could you add to your profit-- 
by saving $50,000 per boiler cleaning ? 
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Here’s An Example Of Such A Savings 


as. S 


Made Possible By Dowell Chemical Cleaning Service 


Dowell recently chemically cleaned a 1,000,000 lb. per 
hour steam generator for one of its customers. Total 
outage time was 48 hours. This saved the company 
an estimated five to seven days down-time, as 
compared to mechanical cleaning methods. 


Considering replacement power for a boiler of 

this capacity costs between $7,000 and $15,000 

per day, it’s easy to see a $50,000 savings. 

And, it’s just as easy to project a $250,000 

to $500,000 annual savings for a plant 
with five to ten such boilers. 


This particular case history concerns 
with a forward- 
manager. But, 


a power company 
looking operations 


Dowell has other startling performance data 
to show you—from your own industry. That's 
because chemical cleaning is so versatile. Dowell 
engineers are experts in removing scale and 
sludge from process systems, tanks and piping. 
They apply solvents in various ways 

such as filling, cascading. Dowell 
furnishes all the necessary chemicals, 
trained pumping 
equipment. 


jetting, 


personnel, and_ control 


For specific information on how chemi- 
cal cleaning can help you to greater 
profits, call the Dowel: office near you. 
Or write Dowell Incorporated, 
Tulsa 1, Oklahoma. 


have Dowell clean it chemically 


A SUBSIDIARY OF THE DOW CHEMICAL COMPANY 
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Fig. 1.—Schematic flow diagram of the type plant the au- 
thors believe could use liquid metal in the reheat cycle. The 
above illustration, identified as Plant B,. shows how the 
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liquid metal would tie into the cycle but illustrates also the 
features of Plant A, a conventional all-steam cycle. This 
cycle is pictured in Fig. 2, following page 


Liquid Metal in a Double-Reheat 
Fuel-Fired Steam Plant 


D. E. HART 
The Detroit Edison Co. 


E. W. BURSTADT 


General Electric Co. 


Intercept and reheat stop valves impose 
an investment and thermodynamix pen- 
alty upon reheat steam cycles. With the 
supercritical pressure cycle and double re- 
heat the penalty becomes even greater. 
The authors felt the use of a liquid metal 
as the heat transport medium for double 
reheat service might prove advantageous. 
Herein they report their findings and ad- 

vance their conclusions. 


STEAM power plant cycle which makes use of 
single-reheat has been well established in the 
power generation field for over a decade. The 

net thermodynamic improvement of the single-reheat 
over the straight-regenerative steam cycle is approxi- 
mately 5 per cent and, as a result, is quite attractive to 
the power generation industry. 

However, present single-reheat cycle experience has 
dictated the use of intercept and reheat stop valves to 
prevent serious results due to overspeeding the turbine- 
generator. Unfortunately, the valves increase both in- 
vestment and reheat system pressure drop. Both a 
thermodynamic improvement and an investment reduc- 
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tion could be made if it were possible to eliminate the 
intercept and reheat stop valves. 

With the advent of the supercritical pressure steam 
cycle, double-reheat has become an attractive cycle 
addition. Reheater system pressure drop and the in- 
creased valve investment are even more pronounced in 
the double-reheat cycle. It has been proposed that the 
use of a liquid metal as the heat transport medium for 
double-reheat systems might overcome these disad- 
vantages. Present design and experimental data being 
accumulated indicate that the use of a liquid metal 
would be practical in a double-reheat plant. The ad- 
vantages accruing from systems using a liquid metal 
would be: 


(a) Reduction of steam pressure drop in the reheat 
system and resulting thermodynamic improve- 
ment. 

(b) Reduction in cost of reheat steam piping. 

(c) Removal of either or both intercept and stop valves 
from the high temperature reheat lines. 


StuDyY PROCEDURE 


It was anticipated that the investment in a liquid metal 
system and cost of the metal charge would be consider- 
able. Therefore, to determine the feasibility of a double- 
reheat cycle utilizing a liquid metal system, a super- 
critical plant of a size corresponding to present-day in- 
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Fig. 2.—Plant A, a conventional all-steam cycle, which 
served as the comparison for the authors’ studies. It has 
a 300,000 kw cross-compound double reheat turbine gener- 


stallations was studied. Investment costs were de- 
veloped and compared with annual operating savings 
resulting from the application of a liquid metal to the 
reheat plant. This report summarizes a study which 
considered : 


(a) Layout for a double-reheat plant utilizing a liquid 
metal system. 

(b) Design of a workable liquid metal system. 

(c) Investigation of the practical thermodynamic 
gain. 

(d) Evaluation of the economy of the liquid metal 
application. 


Two, double-reheat, regenerative feedwater heating 
plants were studied. The plants are similar in every 
respect with the exception that the steam reheating 
systems are as follows: 

Plant A-—-Reheating is accomplished by returning 
steam to the boiler. 

Plant B—A liquid metal, sodium potassium alloy 
(Nak), is used to transport heat energy from the steam- 
generator to the steam reheaters adjacent to the turbine. 

A schematic flow diagram of Plant B is shown in Fig. 1. 
This diagram illustrates all the essential features of 
Plant A as well. The general arrangement of the 
plants is shown in Figs. 2, 3 and 4. These illustrations 
are schematic and hence greatly simplified. The piping 
considerations in the actual plant are a major concern. 

Careful consideration was given to the design of a 
workable liquid metal system, and it is believed that the 
system evolved is practical and should require a mini- 
mum amount of maintenance and operating attention. 
The material selected for the liquid metal (NaK) system 
was Type 304 stainless steel. The reason for selecting 
this material was based on available corrosion and mass 
transport experience for liquid metal systems. 
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ator and a 1,610,000 lb per hr monotube boiler supplying 
steam conditions of 5000 psig, 1150 F, 1050/1050. This 
simplified presentation follows the schematic flow in Fig 1 


CONCLUSIONS 


Investigation of the practical thermodynamic gain of 
the double-reheat system, utilizing a liquid metal, over 
the conventional double-reheat system indicated an 
improvement of 1.2 per cent in turbine gross heat rate. 

The economic evaluation of the liquid metal applica- 
tion indicated insufficient annual savings to provide an 
adequate return on the additional plant investment. 
The results of this study indicated a gross return of 1.9 
per cent wiftn using a long-range fuel cost of 35 cents per 
10° Btu. Greater fuel costs would result in a propor- 
tionately larger return. Furthermore, as discussed in 
the report, future system developments could also 
provide greater returns. 

DESCRIPTION OF DOUBLE-REHEAT PLANTS 
Steam Cycle Conditions 

In order to arrive at conclusions that would indicate 
the practicality of the application of a liquid metal 
system to a double-reheat steam power plant, steam 
conditions and turbine-generator size were selected to 
correspond to today’s best practice. Consequently, the 
following design conditions were established: 

(a) Turbine-generator rating: 300,000 kw 
(b) Initial steam conditions: 

Pressure 

Temperature 

(c) Reheat steam conditions 

1. Temperature to turbine 
First reheat 
Second reheat , 

2. Pressure and enthalpy leaving turbine 
First reheat 1200 psia 
Second reheat. . 300 psia 

3. Pressure entering turbine 


5000 psig 
1150 F 


1050 F 
1050 F 


1350 Btu/Ib 
1385 Btu/Ib 


Plant B 
1176 psia 
294 psia 


Plant A 
1080 psia 
270 psia 


First reheat 
Second reheat 
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Fig. 3.—Plant B has been designed to meet the same steam 
conditions of Plant A, Fig. 2, but in this instance the reheat 


(d) Eight (8) stages of feedwater heating with final feedwater 
temperature of 500 F. 

(e) Condenser pressure: 1'/2 inches Hg abs. 

f) Coal used as a fuel for the boilers. 


7 urbine-Generator 

The steam conditions and cycle arrangements are 
depicted in Figs. 5 and 6, which show heat balances for 
the turbine-generator cycles used in Plants A and B, 
respectively 


The CCDF* turbine design was used in this study. 
In previous studies of turbine-generator size, it had been 
established that the CCDF unit, although initially more 
expensive, has a considerably lower heat rate than a 
TCTF* unit where back pressures are 1'/. inches Hg or 
lower. The evaluated difference in heat rate over the 
life of the equipment was such as to justify the use of the 
CCDF unit. However, it is not expected that turbine 
type would have any appreciable effect on the conclu- 
sions reached in the study. 

The complete 3600 rpm turbine rotor for both plants is 
made up of the supercritical, high-pressure and inter- 
mediate-pressure elements, each in its own bearing span. 
Steam enters the supercritical element at 5000 psig 
through external stop valves and control valves and 
flows toward the No. 1 bearing standard where it is 
exhausted at 1200 psia to the first reheater. From the 
first reheater, the steam enters the high-pressure element, 
which is near the generator, and flows toward the gener- 
ator exhausting at 300 psia to the second reheater. The 
second reheat inlet is at the center of the double-flow 
intermediate-pressure section located between the super- 


* Both terms refer to physical arrangement and steam flow path for the 
turbines: CCDF (Cross-compound double-flow exhaust, 3600/1800 rpm). 
TCTF (Tandem-compound triple-flow exhaust, 3600 rpm) 
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is handled by liquid metal. It draws heat from the boiler 
and gives it up in special exchangers, three circles above 


critical and high-pressure sections. Steam exhausts 
from this section through two 42-inch diameter overhead 
crossover pipes to the 1800 rpm low-pressure turbine. 

The 1800 rpm low-pressure turbine is made up of two 
opposed-flow sections separated by a middle standard and 
bearing housing. Each section has 43-inch long last- 
stage buckets and exhausts to a separate condenser. 

Generators were selected for a 58.3/41.7 load split and 
were proposed as a conductor-cooled generator at 3600 
rpm and a conventionally cooled generator at 1800 rpm. 
An outline drawing of the unit is shown in Fig. 7. 


Steam Generator 


A single, supercritical pressure, once-through type 
steam-generator has been used in this study. Two 
separate furnaces were employed, their size and shape 
being determined by furnace combustion considerations. 
Arrangement of air heaters and low temperature section 
of economizer follow conventional practice. The super- 
heater outlet steam conditions and the first and second 
reheat steam conditions have been defined under the 
description of the double-reheat plants. Because a 
large proportion of heat absorbed in the unit is in steam 
superheat and reheat, it is necessary to employ radiant 
surface in both of these elements. In both Plants A and 
B radiant type reheaters are used in both reheat stages. 
The reheaters are located in the upper four walls and 
roofs of both furnaces. 


Liquid Metal System 


The liquid metal heat transfer system, with steam 
reheaters located near the turbine, requires one heat 
exchanger for the first reheat stage and two heat ex- 


changers for the second reheat stage. The tubes are 
spaced on a l-inch equilateral-triangular pitch. Tube 
data for each unit are as follows: 
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Length of 
Tube Bundle 


Number of 


Tube Size, In Tubes 


First stage 
reheater 
Second stage 
reheater 


3/, OD 0.050 in. mwt* 1200 78 ft. 


3/, OD 0.050 in. mwt 3350 32 ft. 


* Minimum-wall thickness 


In both first and second stage reheaters, steam flows in 
the tubes with NaK on the shell side of the tubes. 

The circulation pattern in the liquid metal system is 
from the NaK heater in the steam-generator, through the 
emergency heat exchanger, to the turbine steam-re- 
heaters and then to the liquid metal pumps, which will 
return the Nak to the steam-generator. Since the 
liquid metal pumps are consta"t speed, the flow to each 
steam-reheater will be regulated by electromagnetic 
flow controllers. 

The liquid metal pumps are of the sump type using an 
inert-gas shaft seal system, and each unit will have a 
capacity of avove 8400 gpm at a developed pressure of 100 
psig. The motor drive required for each pump is approxi- 
mately 850 hp. 

In the event that the turbine-generator is tripped out 
while carrying load, an emergency heat exchanger is 
needed to dissipate the stored heat energy in the liquid 
metal system. This will be accomplished by continuing 
to operate the liquid metal pumps and by permitting 
steam to escape from the steam-generator through the 
emergency heat exchanger. Auxiliary systems include 
receiving and storage facilities, an inert-gas pressurizing 
system, and provision for fluid expansion. Allowance 
for maintenance on the liquid metal equipment requires 
adequate provision for draining, venting and purging. 

The piping arrangement between boiler and turbine 
includes two 12-inch stainless steel lines with adequate 
thermal insulation as well as metal lagging to contain 


any incipient leaks. Although the velocity in the liquid 
metal piping is approximately 30 ft per second, no serious 
cavitation is anticipated due to the favorable vapor 
pressure (low)-temperature relation for the liquid metal 
(Nak). 

The liquid metal alloy (NaK) used is 56 per cent 
potassium and 44 per cent sodium by weight. The 
melting temperature of this alloy is approximately 45 F. 
In the case of sodium (208 F freezing point), it is neces- 
sary to provide preheating equipment, and this is the 
principal reason for using the NaK alloy, even though 
the heat transfer properties of NaK are not as good as 
those for Na. 


OF REHEAT INTERCEPT AND STOP VALVE 


REQUIREMENTS 


DISCUSSION 


Stored heat energy in the steam lines (main steam, 
reheat steam and heater extraction steam) and feed- 
water heaters (steam and water on shell side) represents a 
potential hazard to the turbine-generator unit from the 
standpoint of dangerous overspeeding in the event of a 
sudden loss of generator load. Provisions that have 
been included to date in utility practice to minimize this 
hazard are the use of: 


(a) Reheat stop and intercept valves. 
(6) Check valves in the extraction lines to the feed- 
water heaters. 


The turbine manufacturer provides speed-governing (or 
control) systems and an emergency overspeed control 
device and interlocking system to control (and shut off 
when necessary) the main steam and reheat steam supply 
systems and to isolate the feedwater heaters and associ- 
ated extraction steam lines. At the outset of the study, 
it was hoped that both stop and intercept valves could be 
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Fig. 5—Steam conditions as well as cycle arrangements are shown in the above heat balance for Plant A 


eliminated since the stored heat energy (steam) in the 
reheat systems would be greatly reduced in a plant 
utilizing a liquid metal heat transfer system. However, 
based on the stored heat energy (steam) data as actually 
developed for Plant B, the following turbine-generator 
overspeed conditions could result in loss of generator 


load: 

Overspeed effect on h-p turbine 
117% 
116% 


If first stage reheat IC valve fails 

If second stage reheat IC valve fails 
Overspeed effect on |-p turbine 

115% 


.1138% 


If first stage reheat IC valve fails 
If second stage reheat IC valve fails. 


Data as tabulated above are based on the use of inter- 
cept valves (but no stop valves) and failure of the inter- 
cept valves to close as noted following a sudden loss of 
load on the generator. When studying overspeed con- 
ditions, the following factors must be considered: 


(a) The possibility of at least a double-simultaneous 
failure (equipment and safety interlocks) occur- 
ring 

(b) The fact that the turbine-generator rotor is in an 
accelerating period during the transient condi- 


TURBINE NET HEAT RATE+ 1260 8T 


GENERAL ELECTRIC CO., SCHENECTADY. §.T 


tion following loss of generator load and shut- 
ting-off of potential energy sources. 


In view of ali factors involved, it was decided that 
intercept valves must be provided for both reheat sys- 
tems for Plant B since, under extreme conditions, a shaft 
speed of over 130 per cent of rated speed might be 
reached on both the h-p and I-p units. 


EcoNomic EVALUATION OF REHEAT SYSTEM 
Scope of Economic Study 


The study considered the following investment and 
annual cost items: 


(a) Investment required for dissimilar equipment in 
each plant. 

(b) Capacity credit for Plant B after proper considera- 
tion of liquid metal system pump power. 

(c) Effect of heat rate on annual fuel cost. 

(d) Operating labor, pump power, maintenance ma- 
terial and maintenance labor peculiar to Plant B. 

(e) Comparison of the gross return on incremental 
investment with required break-even return rate 
of 12.0 per cent. 


Investment Differences 


Only the equipment peculiar to either the conven- 
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Fig. 6—A similar heat balance to that for Plant A, Fig. 5, is drawn above for the liquid metal unit of Plant B 
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tional double-reheat system or the double-reheat system 
utilizing a liquid metal is shown in the following cost 
summary. Other costs will be the same for either cycle. 


Plant A—Reheat by returning steam to the boiler 


Turbine Cost Differential $105 ,000 

Reheat Piping and Insulaticn 595 , 000 
Total Direct Cost $ 700,000 

Plant B—Reheat employing a liquid metal as a heat 
transport medium 


Boiler Cost Differential $ 
Reheat Steam Piping and Insu- 
lation 
Liquid Metal System 
Piping and Insulation 
Reheaters 
Emergency Heat Exchanger 
NaK Storage Tanks 
NaK Expansion Tank 
Pumps, vacuum system con- 
trollers and electrical 
Liquid Metal Supply 
Inert Gas Supply 
Initial purging and filling, etc. 


275,000 
240 , 000 


$290 , 000 
765,000 
33 , 000 
53 ,000 
17 ,000 


278 , 000 
320 , 000 
7,000 
27 , 000 

1,790,000 

160 , 000 

$2 , 465,000 


Building Cost Differential 
Total Direct Cost 


Investment Summary 

The final investment difference between Plants A and 
B, including capacity charge, is given as follows: 
Total Investment Variables in Liquid 


Metal System $1 
Overhead Costs (16.15%) 


, 765,000 
285 , O00 
$2 ,050 , 000 
Contingency (22.5%) 450 , 000 
Total Estimated Additional Cost for Re- 
heat by Liquid Metal 
Capacity Charge (Credit to Liquid Metal 
System, 3681 kw at $62/kw) 


Total Adjusted Investment Differences 


$2 , 500 , 000 


— 228 , 000 


$2 , 272,000 


Annual Fuel Cost 


The difference in annual fuel cost is based on a long- 
range coal cost of 35 cents per 10° Btu, an average life- 
time plant factor of 59 per cent on gross turbine capa- 
bility and present-worth adjustment for nonuniform 
annual fuel cost differences. For a 300,000 kw turbine- 
generator, | Btu per kwhr on turbine gross heat rate is 
equal to $910 annual fuel saving. The resultant total 
annual fuel saving afforded by the liquid metal system in 
Plant B without reheat stop valves is 


Gross Turbine 
Heat Rate, 
Plant B 


Gross Turbine 
Heat Rate, 
Plant A 


(6978.7 Btu/kwhr — 6898.6 Btu/kwhr] X< 
$910/Btu/kwhr = $72,800 annually 


Operating Labor and Pump Power 
Although it is rather difficult, on the basis of this cur- 
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sory study to determine the additional operating man- 
power, it is felt that the system will require additional 
operating organization. Therefore, it is considered ex- 


pedient to use the additional operating cost of '/2 job. 


1 job X 3 shifts per job X 1.6 men per man per shift 
X 1.13 fringe benefits per man X 2080 hours per year 
X< $2.50 per hour = $28,205 per job per year. 

'/, job = $14,100 per year and is the operating assign- 
ment used in this study. 


Liquid metal pumping power costs are developed from 
(a) the liquid metal flow required for full load heat trans- 
port; (5) the pressure drop in piping, steam-generator 
reheater, turbine reheaters; (c) a pump efficiency of 70 
per cent; and (d) the annual power consumed with a 
59 per cent plant factor. The power required at plant 
capability for the liquid metals pumps is 1224 kw. 
Assuming 3 mill power at the plant (excluding fixed 
charges), the annual pump power cost is $14,800. 


Capacity Credit 

Plant B, employing a liquid metal in the reheat system 
has a slightly higher output resulting from reduced pres- 
sure drop in the steam reheating circuit. The increase 
in output resulting from the 8 per cent reduction in pres- 
sure drop is approximately 4905 kw. Pump power re- 
quirement in the liquid metal system at full load, how- 
ever, is approximately 1224 kw. The net increase in 
turbine capability, 3681 kw, is credited to Plant B at an 
incremental plant cost of $62 per kw of turbine gross 
capability. This incremental investment figure is con- 
sidered typical of plant cost for units of 300 mw size. 


Fixed Charges 
The fixed charges required on main power plant in- 
vestment must include depreciation, cost of money, 
income tax, property tax, insurance on property and cer- 
tain franchise taxes. Assuming a plant life of approxi- 
mately 33 years, a capital structure of 50 per cent equity 
capital (stock) and 50 per cent debt capital (bonds), an 
average cost of money of 6 per cent, a federal income tax 
rate of 50 per cent after operating costs and bond interest, 
the fixed charge structure is as follows: 
Depreciation (Sinking Fund), % 
Cost of Money, %. 
Income Tax, % 
Property Tax, % 
Insurance, %... 
Franchise Tax, % 


Say,.. 
Return on Additional Investment in Plant B 


The net annual savings afforded by the use of a liquid 
metal in Plant B are: 
$72,800 
— 14,100 
— 14,800 
$43 , 900 


Annual Fuel Saving. 
Increased Operating Labor. 
Increased Pump Power. 
Net Annual Saving 


The increment of investment is $2,272,000. Therefore, 


the gross return on the investment is: 
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43 , 900 

- ——— X 100 = 
$2 , 272,000 

It is apparent that this is quite inadequate compared 
with the 12.0 per cent return required to break even. 


Gross Return = 1.93 per cent 


ALTERNATIVE SYSTEM CONSIDERATIONS 


Although the basic study indicates an inadequate 
return on incremental investment for a double reheat 
system utilizing a liquid metal, several future design 
changes and material price reductions may provide ad- 
ditional investment economies. A number of these pos- 
sible economies are considered below. 

First, if the liquid metal piping system could be fabri- 
cated from low-alloy ferritic material, the following return 
on investment would be possible: 

Basic Study Investment Difference....... $2,272,000 
Saving by substitution of low-alloy ferritic 
materials (including contingencies) 
Adjusted Investment Difference $1,472,000 
$43 , 900 


ee x 100 = 
$1,472,000 


Gross Return on Investment = 
3.0 per cent 


This is still an inadequate return. 

Another manner in which the investment in the liquid 
metal system could be reduced would be to use a common 
liquid metal system for two turbine-generator units. The 
liquid metal flow could be regulated to each steam- 
generator by means of e-m controllers. The incremental 
investment required for this arrangement should be about 
40 per cent greater than for a single unit system. If, 
along with this arrangement, ferritic materials are used, 
the following return on the investment results: 

Basic Study Investment Difference $2 , 272 ,000 
Substitution of low-alloy ferritic materials 

(including contingencies)... . — 800 , 000 

$1,472,000 
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Investment in larger liquid metal system to accommo- 
date two units 
$1,472,000 X 1.4 = 
Capacity credit-second unit = 


2,060, 800 
— 228 ,000 


$1,832,800 


Annual Net Savings 
Fuel: $72,800 X 2 = 
Pump Power: $14,800 K 2 = 
Operating Labor: 


$145,600 
— 29,600 
— 14,800 
$101,200 
$101,200 


100 = 
$1,832,800 wy: 


Gross Return on Investment = 


9 per cent 
POSSIBLE FUTURE INVESTMENT ECONOMIES 


It is quite likely that the cost of NaK in large quantities 
may be reduced considerably. At present NaK costs 
$1.00 perlb. The demand for NaK today is rather small, 
but as the nuclear power generation industry and others 
require greater quantities, it is quite probable that im- 
proved production facilities and competition will reduce 
the price to possibly $0.50 per Ib, or even lower. The 
saving in NaK cost would amount to $200,000 for a two- 
unit plant based on a cost of $0.50 per lb. This would 
increase the gross return on investment to about 6.2 
per cent. 

As previously stated, elimination of both intercept 
and stop valves in the reheat circuits for Plant B would 
result in a thermodynamic gain and a reduction in in- 
vestment. However, based on actual reheat system 
volume data for this study, and the associated stored 
energy effect, it was decided that only the reheat stop 
valves could be eliminated. Therefore, the maximum 
possible thermodynamic gain and turbine unit cost dif- 
ferential could not be realized. Should it be possible, 
in the near future, to further reduce stored steam volume 
in the reheat system employing a liquid metal, which 
would reduce overspeeding to an acceptable level, elimi- 
nation of intercept valves would be possible. This 
would result in a substantial operating saving. Elimina- 
tion of these valves, together with the investment 
economies previously enumerated, might possibly pro- 
vide an 11.7 per cent return on the incremental invest- 
ment in the liquid metal plant. This, then, approxi- 
mates the 12.0 per cent “break-even’”’ return. 


SUMMARY OF STUDY 


The practical thermodynamic gain of the double- 
reheat system utilizing a liquid metal over the conven- 
tional double-reheat system indicated an improvement 
of 1.2 per cent in turbine gross heat rate. This thermal 
saving did not result in sufficient annual return to justify 
the additional investment in the liquid metal system. 
The results of this investigation show only a 1.9 per cent 
gross return, whereas a 12.0 per cent return is required to 
“break-even” on the additional investment. 

Economies such as ferritic materials in the liquid 
metal system, use of a common liquid metal system for 
two units and a reduction in NaK price, all of which ap- 
pear possible, would result in a return of 6.2 per cent on 
the additional investment. This still is uneconomical. 

Although elimination of all valves in the steam reheat 
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system is impossible for the system studied, further re- 
duction in stored steam volume might possibly permit 
elimination of all valves. The return would then amount 
to 11.7 per cent, approaching the ‘‘break-even’”’ 12.0 per 
cent. 

The return shown for the economic alternatives con- 
sidered in this study would be affected, of course, by the 
level of long-range fuel cost. Since 35 cents for 10® fuel 
cost is exceeded in some localities today, higher long- 
range fuel costs are certain. Higher fuel costs would 
provide greater return and possibly earlier justification 


f some of the alternatives considered in this study. 
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ASME Hears Report of Cooling Tower Growth 


In pursuit of its objective “‘to advance the technology, 
design, and performance of industrial cooling towers,’’ 
the Cooling Tower Institute at the recent Annual Meet- 


ing of the ASME (See pp 46-51) reported on studies of 


investigation of the several factors influencing tower 
performance. In the hope of developing either correc- 
tions or compensations for the loss of capacity due to 
changes in atmospheric conditions, including wind 
velocity and direction, a thorough study was made to 
determine the exact cause and magnitude of the losses on 
various sizes, types, and configurations of water-cooling 
towers. The paper ‘“Instrumenting a Field Study of 
Industrial Water-Cooling Tower Performance’ by J. L. 
Willa and Technical Sub-Committee No. 2 of The Cooling 
lower Institute, is a report of the experiences and prob- 
lems this study produced. Out of it, however, the 
author reports an assurance that instrument selection 
and techniques had been greatly advanced. 

Cooling towers are an important component in many of 
today’s large steam-electric generating plants and the 
power industry is looking forward to an even greater use 
of this equipment in the future. So the paper, “Cooling 
Towers for Steam-Electric Stations—Selection and Per- 
formance Experiences,” by M. W. Larinoff, Ebasco Serv- 
timely one. Certain problems and difficulties 
confronting the tower purchaser and user are 
reviewed in the light of the purchaser’s requirements 
and the user’s operating experiences. Maintenance 
cost data for 50 cooling towers totaling 2,600,000 gpm 
capacity are presented. The effect of tower thermal- 
performance deficiency on station capability and heat 
rate is discussed. The paper is concluded with a pre- 
diction of what the cooling-tower industry has to look 
forward to from the power industry as regards future 
cooling-tower sizes for both nuclear and conventional, 
fuel-fired power plants. 

An indication as to how design approach may affect 
future cooling-tower sizes was plotted. This plot showed 
the trend of fuel prices and steam-electric-station con- 
struction and equipment costs for the predominantly 
gas-burning South Atlantic Region and the coal burning 
West South Central Region. Reliable cooling-tower 
price-trend data were not available; for this comparison, 
however, it was assumed that cooling-tower price in- 
creases were substantially the same as those of the aver- 
age power-plant component. On the basis of that prem- 
ise the plot showed that although the South Atlantic 
Region had experienced a 35 per cent increase in cooling- 


ices, 1S a 
presently 
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tower prices from 1948 through 1954, it had no increase 
in coal costs for that same period. This region could, 
therefore, look forward to larger approaches and smaller 
cooling towers since the fuel savings cannot justify as 
large an investment in cooling towers as was previously 
the case. The West South Central Region, on the other 
hand, had experienced about the same cooling-tower 
price increases but its average gas-fuel costs had in- 
creased about 55 per cent; therefore, its cooling towers 
should tend toward closer approaches in the future. 

In general it may be said that future steam-electric 
power-plant cooling towers will be larger due primarily to 
the contemplated larger turbine-generator units. 
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Oxygen Monitor in Flue Gases 
Aids Combustion Efficiency 


Combustion engineers have known 
for some years that O, content in the 
flue gas offers the ideal means for com- 
bustion control. It provides the one 
direct measure of excess air passing 
through a boiler and hence it tells a 
boiler operator how well he is holding 
the boiler to its optimum performance 
point. 

Further, the O, content keeps its di 
rect relationship to excess air in spite of 
variation of fuel heating value, specific 
gravity or type fuel—solid, liquid or 
gaseous. For example, when firing oil 
or natural gas a 6 per cent Oy» reading 
in the flue gas indicates close to 40 per 
Actually there is a 

per cent in this O», 
reading for the one fuel as against the 
other and well within the margin of 
measurement. On _ the 


cent excess air 
spread of about 0.1 


accuracy of 
other hand, though, the spread between 
CO, readings for the one fuel of these 
fuels as against the other at 40 per 
cent excess air is about 3.5 per cent. 
Obviously if the oil and gas fuels were 
fired at the same time and they fre- 
quently are, the CO, reading becomes 
meaningless 

The Cromby Station of Philadelphia 
Electric Co. has installed in one of its 
twin-furnace, reheat steam generators 
a new flue gas monitoring system de 
signed by Leeds & Northrup Co. that 
employs reliable and accurate analysis 
of the O,. content as a measure of excess 
air, and can automatically adjust 
fuel-air ratio to maintain optimum 
combustion. The system detects with- 
in 13 seconds a change in flue gas 
oxygen content at a sampling point 
about 150 ft from the analyzer. The 
recorded oxygen content, obtained from 
three sample points and averaged, 
checks the average of Orsat readings 
with plus or minus 0.2 per cent Oy. 
This system, in operation now over a 
year, has proved reliable and requires 
little attention other than routine 
maintenance. 


The Monitoring System 


The control system has four basic 
components: (1) one or more probe 
units for gas sampling; (2) a gas clean- 
ing unit for each probe; (3) magnetic- 
type O, analyzer assembly; and (4) 
electronic recorder-controller for Ox. 
As covered below, certain auxiliary 
equipment is employed on_ specific 
installations to meet industrial re- 
quirements. 

A key component, making the system 
practical for industrial use, is the 
reverse jet probe and associated steam 
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sampler. Three water jets from the re- 
verse jet head on the probe end keep the 
probe clean with a high velocity, swirl 
ing stream. A steam ejector provides 
a strong suction to draw the flue gas 
sample into the probe and force it at 
high speed to the analyzer. 

A jet condenser and centrifugal 
separator clean the flue gas sample 
which passes to the analyzer through 


standard !/,-inch copper tubing under a 
pressure of 3 to 6 psig. This line to 
the analyzer can be up to 200 feet long 
with as little as six seconds’ lag in 
sampling. 

The gas sample enters the analyzer 
through a separator which removes any 
condensate formed in the sampling line. 
It then passes through a filter and by- 
pass assembly which maintains a con- 
stant rate of flow through a rotameter 
to the analysis cells. 

In the analyzer, the oxygen content is 
measured by the unique paramagnetic 
properties of oxygen (i.e., it is strongly 
attracted to a magnetic field). Through 
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Fig. 1. 


controller 


designed to elim 
inate errors due to changes in sample 


an electrical circuit, 


gas or atmospheric pressure and varia 
tions in supply voltage, the analyzer 
compares the O, content of the flue gas 
to the very stable O. content of atmos 
pheric air and produces a signal directly 
proportional to the O, content of the 
flue gas. The electronic recorder meas 
ures this signal and records the O, 
content directly in per cent of oxygen 
(scale range is normally 0 to 5 per cent 
Oz, or 0 to 10 per cent Oz) 

In modern boilers having big ducts, 
or in process heaters, stratification of 
flue gas is a common cause of misleading 
information about combustion. Gas 
sampling traverses made by test engi 
neers across the ducts on big boilers show 


Control system has four basic components (1) one 
or more probe units for sampling (2) a gas cleaning unit for 
each probe (3) an oxygen analyzer (4) an electronic recorder 


Fig. 2. 


that O, readings can be 1.5 per cent O, 
apart—in the same duct and at the same 
time. This corresponds to a variation 
of about 10 per cent in excess air 
In refinery bridgewall type heaters, the 
Oy» variation can be even greater from 
side to side in the furnace. 

At PE’s Cromby Station, each fur- 
nace has three sampling probes which 
feed a panel-mounted sample-averaging 
unit. Here, samples are combined on a 
metered flow basis to get a true average 
sample for the analyzer. This instal- 
lation also includes a third test re- 
corder and analyzer which permits test 
engineers to traverse either the super- 
heat or reheat duct, one probe at a 
time, without disturbing the control 
system operation. These checks can 
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Special cleaning facilities make the device practical 


for industrial use 


show up any inefficiencies, such as 
improper burner adjustments or unbal- 
anced fuel feeding. 

The test recorder is also arranged 
to check either of the two analyzer 
controllers. Also, the test system can 
be cut into the automatic control from 
the control room, if the regular con 
trollers are temporarily out of service. 

In bridgewall type refinery process 
heaters, at least three sampling probes 
are located along the length of the 
bridgewall. By checking the O, con- 
tent at each sample probe, operators 
can adjust the air louvers on the burn- 
ers to produce uniform combustion 
conditions across the furnace. Auto- 
matic control of the flue dampers can 
then be effected by measuring the O, 
content from a single probe, or by 
measuring the average O, content 
from three probes 





Business Notes 











The National Carbon Company, a 
division of Union Carbide and Carbon 
Corp., recently opened a new basic 
research laboratory in Parma, Ohio, 
for the study of chemical and sclid 
state physics. 

A scale model of a liquid metal 
heated steam generator which has 
been shown nationwide by The Gris- 
com-Russell Co., to engineers, and 
staffs, and developmental managers 
involved in reactor design and applica 
tion, has been developed for use in 
nuclear power generation systems. 
This model incorporates numerous 
operational and safety features for 
prevention and monitoring of leakage. 

Fischer & Porter Co. has changed 
the name of its Chlorination Division 
to the Water & Waste Division. The 
new name describes more accurately 
F&P’s activities in water treatment, 
and industrial waste fields through 
the sale of engineering services, 
chlorination and other chemical feed 
equipment, and instrumentation. 

Thermal Research & Engineering 
Corp. has been granted exclusive 
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rights to manufacture and sell high 
intensity combustion devices de 
veloped and patented by The Lummus 
Co. The equipment involved in the 
licensing agreement centers about a 
patented Lummus combustion de- 
vice which provides high intensity, 
clean combustion with all grades of 
refinery gas and petroleum products. 

Formation of a Nuclear Fuel Divi 
sion to produce nuclear fuel elements 
and nuclear reactor cores has been 
announced by Olin Mathieson Chemi- 
cal Corp. M. F. Meissner, corporate 
vice president, will be in charge of 
the new division. 

The Rust Engineering Company 
has opened a Boston office at 1065 
Main St., Waltham, Boston 54, Mass. 
Complete engineering services are 
available to all industries in the New 
England area, and to industries in 
other parts of the U.S 

The nation’s most elaborate under 
water facility for examining intensely 
radioactive uranium metal is in opera 
tion at the Hanford atomic plant of 
General Electric. Under the shield of 
water, tests are performed on fission 
able fuel elements of experimental and 
production type after the fuel has 
undergone bombard 
ment in the reactor. 


chain-reaction 


Inaugural ceremonies for Michi 
gan’s first atomic-electric power plant 
project were held in August at the 
construction site on the Lake Erie 
shore, north of Monroe. The official 
naming of the installation is the 
Enrico Fermi Atomic Power Plant. 
A permit to start construction was 
granted recently to Power Reactor 
Development Company by the Atomic 
Energy Commission. 

The Chicago Bridge and Iron Co. 
has been awarded a contract for con 
struction of a huge steel sphere that 
will house the atomic reactor being 
built by the General Electric Co. 
for the Commonwealth Edison Co.’s 
Dresden nuclear power station near 
Chicago. The contract was awarded 
by the Bechtel Corp., constructor for 
the plant. General Electric is prime 
contractor for the entire project. 

Percy C. Focer and Paul I. Neff, 
two of the founders of United Re- 
fractory Construction Co., have an- 
nounced the formation of a partner- 
ship under the firm name of Unafrax 
Construction Co., with offices in Pitts 
burgh, Penna. 

Pacific Pumps, Inc., opened a new 
Cleveland district office with J. A. 
Kendall, Jr., formerly of P. M. Kline 
& Assoc., as Cleveland district man- 
ager. Activities of the new district 
office will be devoted to sales and serv 
ice of Pacific centrifugal pumps in 
Ohio and portions of Indiana and 
Kentucky. 
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“Good: 
fences 
make 
9000 
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THERE’S TRUTH IN THAT OLD ADAGE— 
WHEN YOU’RE TALKING ABOUT A BOILER. 


Steel and water, by the very nature 
of things, are hardly the best of neigh- 
bors. Just as water can never improve 
boiler metal, so likewise it never loses 
its capacity to impair. Merely to hold 
the line challenges today’s metallurgical 
and chemical knowledge . . . even as 
industry moves swiftly on to atomic 
power reality and its newer problems. 

That's why today — fifty years after 
the first Apexiorized boiler went into 
service —consulting-engineer specifiers, 
boiler-insurance recommenders, and 
operating-engineer purchasers continue 
to look to Apexior Number 1 — the 
simple, brushed-on barrier that keeps 
steel and water good—and safe — 
neighbors. 

No matter how well a boiler is op- 
erating — or how perfectly it is main- 


tained — whether it be a large central- 
Station steam generator, a small! heating 
unit, or anything in between—Apexior 
Number 1 can make that good boiler 
better .. . for only Apexior makes any 
and all of these contributions to steam- 
ing performance. . 


# an end to high-heat oxidation 

© no chemical bonding of deposits 

@ maintenance of high heat transfer 

© a good barrier for chemical cleaning 
© no carry-over 

e high resistance to oxygen 

© full resistance to boiler water 
chemicals 


© corrosion immunity 


© gun-barrel smoothness, for excellent 
wetability 


Before you order a new boiler, or take an old one 
) 
off the line — let us bring you up to date on Apexior. 
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YOUR TOP! 


INVESTIGATE 


FOSTER 


RELIEF VALVES 


J 


7NN} 


LOOKING FOR A PRESSURE RELIEF VALVE TO DO A SPECIAL 
JOB? CHANCES ARE FOSTER HAS JUST WHAT YOU NEED. 


OSTER Automatic Pressure Relief Valves are 
designed for industrial, power plant and mar- 
ine applications requiring dependable, adjustable 
non-pop type of control, relieving excess pres- 
sure into a lower pressure system or to atmosphere. 


Foster valves are built to last. They are de- 
signed to provide continuous protection and con- 
trol of pressure for years of trouble-free service. 
Foster assures long-life by using materials suit- 
able for specific operating conditions; bronze, 
stainless steel alloys and various types of trim 
are available. 


Valves are designed with diaphragm or piston 
actuation depending upon the required services 
and regulations. 


The Foster R-4 Relief Valve shown here is 
spring loaded, adjustable, with an internal pilot 
operated main valve. Single seated, tight closing 
and suitable for dead end service, it is designed 
for general service where practically instantan- 
eous relief is required of the excess pressure with 
minimum build-up. 


R-4 is only one of many standard Foster Relief 
Valves for all operating conditions and services 


For address of nearest Foster Represen- 
tative, consult your Red Book, or get in 
touch with us direct, ask for Bulletin R101 


FOSTER ENGINEERING COMPANY 


835. LEHIGH AVENUE, UNION, N. J 


+ AUTOMATIC VALVES » SAFETY VALVES 
CONTROL VALVES - FLOW TUBES 


The Enos Coal Mining Co. has 
appointed Pickands Mather & Co. 
as exclusive sales agents for Enos 
products in the states of Minnesota, 
Wisconsin, the upper peninsula of 
Michigan and Great Lakes ports on 
Lake Superior and Lake Huron, ex- 
clusive of ports in Michigan. 

The Atomic Energy Commission 
has approved construction of a pro 
totype reactor plant to power a small 
submarine, to be built at the Nuclear 
Engineering and Development Labo 
ratory being established near Windsor, 
Conn., by Combustion Engineering, 
Inc. The estimated cost of construc- 
tion is about $10,000,000. Land for 
the prototype reactor plant will be 
leased to the Commission by Combus 
tion Engineering for 40 years at a 
cost of $1 

Pilot scale tests at Allis-Chalmers 
new Carrollville Development Lab 
oratory have shown that fly ash can 
be substituted for shale or clay in the 
raw material from which modern 
portland cement is made. This de 
velopment was achieved with the 
laboratory's new ACL pilot cement 
plant. Utilization of fly ash in ce 
ment production promises an im 
portant new outlet for large tonnages. 

By action of the Board of Directors 
of the National Coal Association, 
the market promotion activities of 
the Association were transferred to 
its affiliate Bituminous Coal Institute. 
The certificate of incorporation and 
bylaws of Bituminous Coal Institute 
are being amended to fit the needs of 
the planned market program 

A new equation of state, from which 
engineers can derive the pressure 
exerted by a gas or liquid at any 
given density and temperatures, has 
been worked out by University of 
Wisconsin chemists. With the equa 
tion, it is possible to derive the pres 
sure of any substance at any given 
density and temperature, in addition 
to other thermodynamic properties 
such as internal energy, specific heat, 
entropy, and enthalpy. Although 
this is not the first such equation to 
have been devised, it may have some 
unique value for work in the chemical 
engineering industries 

len of America’s large corporations 
have formed a new company, Indus- 
trial Reactor Laboratories, Inc., to 
build and operate a privately owned 
nuclear reactor for industrial research 
atomic energy, at Plainsboro, N. J 
The companies participating are Atlas 
Powder Co., AMF Atomics, Inc., 
American Tobacco Co., Continental 
Can Co., Corning Glass Works, Na- 
tional Distillers Products Corp., Na- 
tional Lead Co., Radio Corp. of Amer- 
ica, Socony Mobil Oil Co., and U. S. 
Rubber Co. 
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Now you can buya 
Bailey-built HEAT PROVER Analyzer 


CONTINUOUS READINGS OF OXYGEN AND COMBUSTIBLES 


The famous Cities Service HEAT PROVER Analyzer, formerly available only on 
loan, is now manufactured by Bailey Meter Company, and you can buy one out- 
right. With this handy portable instrument, you can easily monitor the per cent of 
oxygen and combustibles in gases. 

The continuous readings from a Bailey HEAT PROVER Analyzer enable furnace, 
kiln, and engine operators to correct combustion variables before costly losses are 
incurred. Although it weighs a scant 25 pounds, the HEAT PROVER Analyzer is 
the key to maximum combustion efficiency. With it, the operator can determine 
the proper proportion of fuel to air at any time. 


The two meters on the analyzer show per cent by volume of oxygen and combus- 
tibles on either a 20% range span or a more sensitive 4% range. Temperature of 
flue gases in degrees Fahrenheit is also shown. 


Compared with involved, time-consuming Orsat measurements of flue gases, this 
new portable analyzer offers these advantages: 


1. Simultaneous direct readings of oxygen and combustibles. 

2. Negligible time lag between combustion change and reading change. 

3. Continuous sampling, analysis, and readings. 

4. Convenient measurement of temperature. 
Ask your Bailey engineer how you can use this instrument to increase combustion 
efficiency. Or, write today for more information on how this new Bailey HEAT 
PROVER Analyzer can pay for itself practically at once. G-39-1 


Flue gas analysis with a Bailey HEAT PROVER 
Analyzer at a furnace stack. Per cent oxygen 
and combustibles is shown continuously. 


instruments and controls for power and process 


BAILEY METER COMPANY 


1028 IVANHOE ROAD . CLEVELAND 10, OHIO 


In Canada—Bailey Meter Company Limited, Montreal 
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NOW ! from the world’s largest 


horizontal steel extrusion press... 


SEAMLESS 


HEAVY 
WALL 


— from any ferrous alloy 


Now heavy wall pipe can be extruded from any 
ferrous alloy — in lengths up to 50 feet or more, 
with O.D.’s from 4” to 22”, and with virtually 
no restriction on wall thickness. 


The giant Curtiss-Wright horizontal extrusion 
press, now operating at the Metals Processing Di- 
vision, moves the metal instead of removing it, for 
pipe of maximum length — and strength. 

If your application calls for higher heat, cor- 
rosion and/or abrasion resistance — in pipe of 
highest tensile and yield strengths — Metals Proc- 
essing Division is geared to fill the requirement. 
Complete facilities for handling any ferrous alloy, 
including the stainless series, as well as titanium 
and other reactive metals, are available to the 
chemical, petroleum, power and other key in- 
dustries. 

Take advantage of this new, aggressive facility 
for your pipe requirements. Write, wire or tele- 
phone for detailed information or engineering con- 
sultation today. Our field engineers are at your 
service. 

87 Grider Street. 


METALS PROCESSING DIVISION 
CORPORATION © BUFFALO, NEW YORK 
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Whether steam is your product or a part of your production process, 
uninterrupted coal flow is a must to maintain output. All chutes in 


the heating plant above, each 18” O.D., are of Lukens %” 20% 
Type 304 stainless-clad steel to assure free coal flow. 


G.S. A. Gets New Coal Chutes 





FOR DEPENDABLE COAL FLOW— 
LUKENS STAINLESS-CLAD STEEL 


In its West Heating Plant in Washington, D.C., 
General Services Administration now de- 
pends on coal chutes of Lukens stainless-clad 
steel. Steam producing plants throughout the 
country are building and replacing with 
Lukens stainless-clad for these reasons: 
ECONOMY — through greatly reduced main- 
tenance cost in bunker noses, chutes, hoppers, 
pipes and spreaders. 

EQUIPMENT LIFE—evidence of corrosion- 
free, trouble-free service matching the life of 


DEPENDABILITY—freedom from hangups and 
downtime that often result from wet coal. 
PLUS— ready fabrication and design freedom 
to meet any plant requirement. 

Get Coal Handling Bulletin 740 for the per- 
formance facts and information you need to 
get the most from Lukens clad steel. Ask also 
for the names of some of the nation’s best and 
most experienced coal handling equipment 
builders. Write to Manager, Marketing Serv- 
ice, 900 Lukens Building, Lukens Steel Com- 


the boiler. pany, Coatesville, Pennsylvania. 


THIS IS LUKENS CLAD STEEL. Not a lining, not a soldered-on surface, but a solid steel plate—one 
side corrosion-resistant stainless steel, the other rugged, economical carbon steel. Their permanent 
metallurgical bond is produced by heat and pressure on the powerful rolling mills at Lukens. 


STAINLESS-CLAD STEELS FOR INTERIOR COAL HANDLING EQUIPMENT 
Producers of the Widest Range of Types and Sizes of Clad Steel Plate Available Anywhere 
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SOUTH CAROLINA 
GENERATING 
COMPANY’S* 
URQUHART 
STATION 

UNIT. No. 3 


where... 


REPU Cc 


Lon ee Pa 


#Wholly owned subsidiary of South Carolina Electric & Gas Co. 


o, UG COMBUSTION CONTROLS 


whan, 
COC FUEL-AIR-WATER REQUIREMENTS! 


> 





@ Adjusts fuel, air and water as steam flow 
changes @ Makes follow-up adjustment of header 
pressure and water level if needed @ Prevents 
(rather than corrects) most pressure, level and 
temperature fluctuations before they happen! 


Planned expansion of power in the Southeastern United 
States is typified by the addition of Unit #3 to South 
Carolina Generating Co.’s Urquhart Station. Rated capac- 
ity of the steam generator is 700,000 lb/hr at 1825 psi, 
superheated to 1010 F and reheated to 1010 F. Designed 
by Gilbert Associates, Urquhart #3 is modern in per- 
formance as well as appearance. 

REPUBLIC’s “Electronic Master” combustion control and 
triple-element feedwater control permit firing of pulverized 


coal, natural gas, or both at once without fluctuation of 


header pressure or water level. This system starts adjusting 
fuel, air and water as soon as steam flow changes 
perceptibly, not waiting for either drum level or header 
pressure to change. 

If either of these factors shange despite the preliminary 
adjustment, the change will te very small and will be off- 
set immediately by « follow-up control that modulates 
the existing control signal. Since the flow of flue gas is 
held in such close proportion to the steam flow, temper- 
ature at the superheater outlet is held very close to a 
constant 1010 F despite load swings. 

This advanced control system is a logical partner to the 
advanced thinking apparent throughout Urquhart #3. The 
quick action of electronic control added to the tradi- 
tional reliability and power of pneumatic actuation pro- 


68 


duces a stable, accurate, dependable automatic system. 
And any one or all of the automatic control functions 
can be cut out at will to permit substitution of remote 
manual control at any time. Manual controls include in- 
dicators for electronic loadings of the regulators and posi- 
tioners as well as position and rate of response indicators. 


Control room of Urquhart Station's modern Unit #3. 


NEED HELP on “Early Stage” Planning? 

Remember that Republic, too, is planning ahead. To get 
the latest information on developments that will effect 
control in your future power or processing plant, con- 
tact the REPUBLIC Engineering Department as soon 
as such help would be beneficial. 


REPUBLIC FLOW METERS 
COMPANY 


2240 Diversey Parkway, Chicago 47, Illinois 
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BOOKS 








1 Advanced Mathematics 
for Engineers 


By H. W. Reddick and F. H. Miller 
John Wiley & Sons, 548 pages, $6.50 


Now in its Third Edition this widely 
used book remains one of the most 
comprehensive and useful texts for 
teaching undergraduate engineers math 
ematical concepts beyond the level of 
differential and integral calculus 
While it is intended for junior or senior 
students, it may also be useful to the 
graduate engineer for self-study. The 
inclusion of many worked-out examples 
and of answers to all problems en 
hances its value for the latter purpose 

Among the topics considered are 
ordinary differential equations, hyper 
bolic functions, elliptic integrals, infinite 
and Fourier series, partial differential 
equations, vector analysis, functions 
of a complex variable and operational 
calculus. Examples utilized to illus 
trate the mathematical principles are 
taken from all major areas of engineer- 
ing. Concepts of units and dimensional 
analysis are discussed in an appendix 


2 Nuclear Fuels 
By D. H. Gurinsky and G. J. Dienes 


D. Van Nostrand Co., 364 pages, $7.50 


At the 1955 Geneva Conference on 
the Peaceful Uses of Atomic Energy, a 
great deal of technical information was 
declassified and publicly presented for 
the first time. This book, which is one 
of a series on the Geneva Conference 
under the editorship of Dr. J. G. Becker 
ley, serves to bring together material 
from many papers. In so doing it aids 
the reader to obtain a broader under- 
standing of the subject of nuclear fuels. 

The book has been subdivided into 
three parts in order to acquaint the 
reader with the fundamental informa 
tion necessary to design a fuel system, to 
point out problems specific to reactor 
systems and to show how the engineer- 
ing requirements are fused to produce 
specific fuel systems. The three sec- 
tions are entitled the metallurgy of 


uranium and thorium, radiation effects, 
and solid and liquid fuels. 

References to Geneva Conference 
papers are keyed in at the beginning of 
each chapter to show the origin of the 
information. At the end of each chap- 
ter there are references to the open 
literature, and additional bibliographi- 
cal items based on papers presented at 
the Nuclear Engineering and Science 
Congress in Cleveland, Ohio, in De- 
cember 1955, are included as an appen 
dix to the book. 


3 Organic Chemistry Sim- 
plified; Second Edition 

By R. Macy 

Chen.ical Publishing Co., 612 pages, $12 


This is a ‘“‘learn-it-yourself’’ book 
which makes a relatively difficult scien- 
tific subject interesting through skillful 
writing. It is directed to persons who 
have completed the traditional first- 
year college course in inorganic chem- 
istry and who may wish to undertake 
self-study in the field of organic chem 
istry. 

The book is divided into four parts, 
of which the first, entitled “The Unique 
Position of the Carbon Atom in Chem 
istry,’’ explains why carbon is so dif- 
ferent from other elements. The sec- 
ond part, ‘““The Architecture of Carbon 
Compounds,” expands the theory of 
valence, discusses chain and ring com- 
pounds, and considers problems of 
nomenclature. In part three most 
attention is devoted, as its title sug 
gests, to ‘‘The Classification of Carbon 
Compounds,” including classification 
according to general structure, homolo 
gous series and composition. Part four, 
“Special Topics in Organic Chemistry,” 
discusses the fundamental character 
istics of proteins, dyes, sugars and 
related compounds. Most chapters 
conclude with a table of supplementary 
suggested readings. 

While much of this book may seem 
to be elementary to the practicing 
chemist, it is written so interestingly 
that those on the fringe of the chemical 
field may find considerable intellectual 


stimulation in reading it. There are 
many other areas of science and engi- 
neering that could be made more in- 
telligible using the approach developed 
by Dr. Macy, who is Chief of the Chemi- 
cal Division, Chemical and Radiological 
Laboratories, Army Chemical Center. 


4 Significance of ASTM Tests 
for Petroleum Products 


ASTM Special Technical Publication 
No. 7-B 134 pages, $2.50 


This is the third edition of this pub- 
lication which concisely outlines the 
significance of the various ASTM 
methods of test related to petroleum 
products. It also calls attention to 
their limitations. It has been prepared 
for petroleum executives, scientists, 
engineers, laboratory technicians, and 
those concerned with the properties of 
petroleum products and the tests 
thereof. It will help them to acquire a 
general idea of the various methods of 
test and to understand performance 
characteristics of specific products and 
the significance of the properties of 
petroleum products in relation to one 
another. The language has been kept 
relatively free of technical terms. 

Each chapter discusses a particular 
property or characteristic, covering 
the importance of sampling, selection 
of test apparatus, the methods of test 
which apply and their significance. 
Full details of the individual test pro- 
cedures are not published in this vol- 
ume, but are found in the annually 
published compilation “ASTM Stand- 
ards on Petroleum Products and Lu- 
bricants.”’ 

The eleven chapters, determined by 
general properties, are arranged as 
follows: (1) Sampling Petroleum Prod- 
ucts, (2) Measurement and Calcula- 
tion of Volume, (3) Volatility, (4) 
Combustion, (5) Oxidation Charac- 
teristics, (6) Flow Characteristics and 
Solidification, (7) Corrosion, (8) Other 
Physical Characteristics and Tests, 
(9) Chemical Analyses and Tests, (10) 
Analysis for Hydrocarbon Types, and 
(11) Butadiene Analysis. 


COMBUSTION PUBLISHING COMPANY, INC., 


Enclosed find check for $...... for which send me books listed by the number. 


NAME 
ADDRESS 


200 Madison Avenue, New York 16, N. Y. 


Book Nos. 


Postage prepaid in the United States on all orders accompanied by remittance or amounting to five dollars or over. 
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Small Device Does Big Job! 
Here’s all that shows of the 
Reliance Electrode-type Levalarm 


Cap removed showing 


e 
Boiler water connects 
electrode connection 
own alarm system and fistings 
fuel cut-out... 





Isolated circuits make relays 
work for you to actuate... 


pump start 
pump stop 


low water alarm 
high water alarm 
fuel cut-out 


(or selection of these facilities) 
Upper photograph — Levalarm for pressures 
up to 2500 psi. 
Lower photograph—Fuel cut-out Levalarm on 
water column. Can be installed in field. 
Write for Bulletin D2. 


The Reliance Gauge Column Company 
5902 Carnegie Avenue * Cleveland 3, Ohio 








— 
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R&I INSULATING BLOCK 


High in structural strength, low in 
thermal conductivity, R & I Insulat- 
ing Block lasts longer; light, firm, 
easy to cut or saw and install; is un- 
affected by steam or water; resists 
vibration, compression, abrasion and 
impact. 

Two types: #12 Block for service 
to 1200°F. #18 Block for service to 
1800°F. 


R&I MINERAL FIBER BLANKETS 


Laminated for greater insulating effi- 
ciency, density and strength for use to 
900°F. Strong and durable; maintain 
full body and thickness under all nor- 
mal service conditions. Available with 
various reinforcing metal fabrics and 
lath in standard and special sizes in 
any blanket thickness from 1” to 6”. 


STIC-TITE PLASTIC INSULATION 


The best all-white, all-purpose plastic insulation for 
easy application directly over metal surfaces, or over 
insulating block or blankets. Sticks tight permanently 
even under severe vibration or abrasion. 

Stic-Tite dries with practically no shrinkage. Has high- 
est insulating efficiency of all insulating cements up to 
1800°F. Economical—100 lbs. cover 45 sq. ft., 1” thick. 
Can be removed, crushed, mixed with water and reused. 

For one-coat plastic finish insulation—use Super Fin- 
ish Stic-Tite, a finely ground, pure white, high quality 
cement. Finishes smooth; no roughing coat needed. 
100 Ibs. covers about 80 sq. ft. 44” thick. 


To help you, this new R & I bulletin on R & I 
Insulating Materials provides complete data on 
properties, thermal and physical characteristics, 
and how and where to use data. Write for a copy 
today. 


REFRACTORY BONDING AND CASTABLE CEMENTS 
INSULATING BLOCK, BLANKETS AND CEMENTS 


124 WALL STREET e¢ NEW YORK 5, N. Y. 





Something different 
(and decidedly better) 
distinguishes this wheel 





~ 


ONE-PIECE blades extend 
THROUGH slots in the cen- 
terplate — then are welded 
both front and back on both 
sides of the centerplate. 











Sure, you can perhaps get by with lesser 
construction. That is, a wheel with separate 
blades on each side of the centerplate. 


But our conviction is: there can be no 
compromising on the construction of a pun- 


ishment-taking mechanical draft fan. 


That's why, unlike wheels of other makes, 
the wheel for the Clarage Type RT fan is 
built as shown above. Clearly, this construc- 
tion provides EXTRA strength that assures 


the user longer-lasting, trouble-free service. 


Additional advantages of choosing Clarage 
Type RT equipment are shown in Catalog 
901. Write for it today. CLARAGE FAN 
COMPANY, Kalamazoo, Michigan. 


Clarage builds for many of the biggest and most 
exacting air handling jobs. This Type RT fan 
was constructed for induced draft service in a 
Porto Rican sugar refinery. 


..--dependable equipment for 


making air your servant 


SALES ENGINEERING OFFICES IN ALL PRINCIPAL CITIES @ IN CANADA: Canada Fans, ltd., 4285 Richelieu St., Montreal 
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A New Concept In Boiler Cleaning 


with 


GROUP CONTROL, is designed to accomplish more direct 
operation of functional groups of blowers rather than 
individual units. Group control is applicable where there is 
a large number of furnace wall, superheater, reheater and 
economizer clearing units which rarely warrant blowing by 
single units but can rather be operated in groups represent- 
ing each level of such blowers. 

The Group concept can readily be arranged to have 
physical similarity to the boiler unit itself, with the groups 
starting at the lowest furnace level and progressing upward 
through the furnace wall blower levels and on through the 
superheater and reheater banks, economizer and air heater 
in logical group sequence. 





GROUP CONTROL 


SELECTROMATIC 
PANELS 


A Diamond Selectromatic* Panel will provide the flexible 
blower control needed for the most efficient, economical and 
dependable cleaning of ANY boiler. The automatic sequen- 
tial operation is easily and quickly changed to meet variable 
cleaning conditions in the unit. Operators know at all times 
the operating conditions of the blowers (see top of left 
page). Protective devices include automatic blower retrac- 
tion on motor overload, blowing medium failure, and current 
failure (after restoration). Once a cycle is selected and 
initiated by the operator, no further attention is needed. 


*Selectromatic is o registered trade mark that is a contraction of the 
functional features of these controls: selective—electric—automatic. 


DIAMOND POWER SPECIALTY CORPORATION 


LANCASTER, OHIO © Diamond Specialty Limited « Windsor, Ontario 





4A Record Unmatched In The Industry... 


In Avery One of the 
Nation’s “Top Six”* 
Steam Power Plants, 
Fly Ash Control 

is by 

Western Precintation! 














As most power plant executives know, the Federal Power Com- 
mission annually “rates” the major steam power plants of the United 
States to determine their overall thermal efficiency as represented by 
their heat rate (i.e., BTU of fuel consumed per KWH of generated 
power). 

*The “Top Six” steam plants according to the most recent Fed- 
eral Power Report are...1. Kyger Creek Plant (Ohio Valley Electric) 
...2. Clifty Creek Plant (Indiana-Kentucky Electric)...3. Kanawha 
River Plant (Appalachian Electric Power)...4. St. Clair Plant 
(Detroit Edison)...5. Muskingum River Plant (Ohio Power)...and 
6. Tanners Creek Plant (Indiana and Michigan Electric). 


We at Western Precipitation Corporation, take great pride in 
the fact that—in EVERY ONE of these “Top Six” plants— 
the equipment selected for fly ash control is WESTERN 
PRECIPITATION equipment. 


Could there be any greater testimony to the outstanding superi- 
ority and unsurpassed efficiency of Western Precipitation fly ash 
control equipment? 


Western Precipitation Corporation 


Designers and Manufacturers of Equipment for Collection of Suspended Material from Gases 
..and Equipment for the Process Industries 


Main Offices: 1022 WEST NINTH STREET, LOS ANGELES 15, CALIFORNIA 


Chrysler Building, New York 17 + 1 North La Salle Street Building, Chicago 2 « Oliver Building, 
Pittsburgh 22 * 3252 Peachtree Road N. E., Atlanta 5 * Hobart Building, San Francisco 4 
Precipitation Company of Canada Ltd , Dominion Square Building, Montreal 
Representatives in all principal cities 





